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The  primary  purpose  of  the  research  was  to  develop 
a  better  understanding  of  the  Marchetti  flat-plate 
dilatometer,  especially  with  regard  to  the  test  drainage 
conditions  and  the  experimentally  derived  correlations. 

To  evaluate  the  drainage  conditions  around  the 
dilatometer,  a  new  insitu  testing  device,  identical  in 
shape  but  measuring  only  pore  water  pressures,  has  been 
designed  and  constructed.   It  consists  of  a  thin  steel 
blade  with  a  flush  mounted  porous  cap  and  an  internal 
pressure  transducer.   This  piezoblade  is  pushed  into  the 
ground  and  the  pore  pressures  measured  and  recorded  on  a 
strip  chart  recorder. 

A  program  of  field  testing  was  carried  out  at  five 
sites  near  the  University  of  Florida  campus.   Standard 

xvi 


dilatometer  tests  and  piezoblade  soundings,  in  which  the 
probe  was  penetrated  in  20  cm  increments  with  a  one 
minute  or  more  delay  between  steps,  were  performed 
adjacently.   The  incremental  piezoblade  insertion  was 
to  simulate  the  dilatometer  test  procedure.   From  an  analy- 
sis of  the  sounding  results,  a  plot  was  developed  of  percent 
dissipation  of  excess  pore  pressure  versus  soil  type.   This 
gives  a  quantitative  measurement  of  the  drainage  conditions ■ 
(drained  ""^artiallv  drained  undrained^  durin°"  dilatometer 
testing  in  any  soil. 

In  addition  to  the  dilatometer  and  piezoblade  soundings 
at  each  site,  cone  penetration  tests  were  performed  and 
disturbed  and  undisturbed  samples  recovered  for  laboratory 
testing.   A  comparison  of  the  dilatometer  and  the  labora- 
tory test  results  allowed  an  evaluation  of  the  Marchetti 
correlations  which  were  developed  for  soils  in  Italy.   It 
was  found  that  the  dilatometer  very  accurately  identified 
the  soils  through  which  it  was  penetrating.   The  existing 
parameter  correlations,  however,  overpredicted  both  the 
overconsolidation  ratio  and  the  constrained  modulus  and 
underpredicted  the  Young's  modulus.   Correlations  better 
suited  to  these  particular  Florida  soils  were  developed. 

A  laboratory  study  was  performed  to  compare  the 
disturbance  effects  surrounding  penetrated  blade  and 
cone-shaped  probes.   This  was  carried  out  in  dry  sand 
using  a  stereo  photography  technique  to  accurately  measure 
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grain  displacement  in  the  vicinity  of  the  probe.   The 
dilatometer-shaped  probe  was  found  to  cause  much  less 
disturbance  of  the  soil  than  the  standard  cone  penetra- 
tion test  tip. 
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CHAPTER  1 
INTRODUCTION 

1.1   Background 

Soil  is  an  integral  part  of  most  civil  engineering 
structures.   For  many,  soil  provides  the  foundation  support 
Soil  is  used  in  many  projects  as  a  construction  material, 
e.g.,  earth  dams,  fills,  reclamation  projects  and  in 
highways  and  airfields.   Soil  interaction  with  the  struc- 
ture is  important,  e.g.,  in  tunnels,  pipes,  underground 
structures,  retaining  walls  and  excavations.   Other  soil 
behavior  such  as  slope  stability,  shrink-swell  potential, 
freeze-thaw  properties,  behavior  during  earthquake  or 
vibrations  or  potential  for  the  storage  of  industrial 
fluids  may  be  important. 

For  any  structure  which  is  to  be  properly  designed, 
the  extent,  variability  and  properties  of  the  soil  must 
be  known.   The  traditional  means  of  obtaining  these  has 
been  to  make  a  boring,  recover  samples  and  perform 
laboratory  tests.   In  the  past  decade,  however,  there  has 
been  a  rapidly  growing  interest  within  the  geotechnical 
profession  in  the  insitu  determination  of  soil  properties. 
In  such  a  determination,  a  device  is  inserted  into  the 
ground,  the  test  performed  and  the  soil  properties 
calculated,  usually  by  means  of  an  experimentally  derived 
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correlation.   Some  of  the  advantages  of  insitu  testing  are 

1.  They  are  performed  in  the  natural  environment 
and  under  natural  conditions  with  the  correct 
moisture  and  stress  regimes. 

2.  Disturbance  is  much  reduced  since  sampling, 
handling,  transportation  and  specimen  preparation 
are  eliminated. 

3.  Compared  to  most  laboratory  tests,  insitu  testing 
time  is  shorter. 

^.   The  cost  of  insitu  testing  is  normally  less, 
relative  to  the  quantity  of  data  acquired. 

Many  different  insitu  testing  devices  have  been 
developed,  often  for  the  determination  of  a  single  soil 
parameter.   A  recently  introduced  piece  of  equipment,  the 
Marchetti  flat  plate  dilatometer,  however,  has  the  poten- 
tial for  determining  a  wide  variety  of  geotechnical 
parameters.   It  has  been  widely  used  in  Italy  and  has 
proved  very  successful  and  accurate  in  obtaining  various 
strength,  insitu  stress  and  compressibility  properties. 
The  University  of  Florida  Geotechnical  group  possesses 
the  first  Marchetti  dilatometer  in  the  United  States. 

1.2   Purpose 
The  primary  purpose  of  this  research  is  to  develop 
a  better  understanding  of  the  Marchetti  dilatometer 
especially  with  regard  to  the  test  drainage  conditions 
and  the  experimentally  derived  correlations. 
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1.3  Scope 

In  order  to  evaluate  the  drainage  conditions  around 
the  Marchetti  dilatometer,  a  new  insitu  testing  probe, 
identical  in  shape  but  measuring  only  pore  pressures, 
was  developed.   Associated  calibration  and  de-airing 
devices  were  also  designed  and  built. 

A  program  of  field  testing  at  five  sites  near  the 
University  of  Florida  campus  was  carried  out.   Dilatom- 
eter .  the  nfiw  pie7.oblaci-P  a.n.d  oone  penetratioi^  test 
soundings  were  made  and  disturbed  and  undisturbed  samples 
collected  for  laboratory  testing. 

Based  on  the  test  results  conclusions  are  drawn 
regarding  the  dilatometer  drainage  conditions  and  the 
validity  of  the  Marchetti  correlations  in  the  tested 
Florida  soils. 


CHAPTER  2 
DESIGN  OF  PIEZOBLADE 

2.1   Introduction 

The  piezoblade  consists  of  a  stainless  steel  body, 
the  same  shape  and  dimensions  as  the  Marchetti  dilato- 
meler,  but  wl  lii  a  riuali  muunltid  pure    jji-esbux-t;  Liiinaducer- 
in  place  of  the  expanding  membrane.   It  is  penetrated 
vertically  into  the  ground  at  a  slow  constant  rate  using 
the  University  of  Florida  cone  penetration  test  truck. 
The  device  can  be  used  to  record  both  the  pore  water 
pressures  generated  during  insertion  and  the  dissipation 
of  excess  pore  pressures  if  penetration  is  ceased. 
During  penetration,  the  magnitude  and  sign  of  the  recorded 
pore  pressures  indicate  both  the  soil  type  and  the  density 
or  overconsolidation  ratio  state. 

An  advantage  of  the  piezoblade  is  that  its  thin 
{m-   mm)  plate  shape  disturbs  the  soil  less  than  the 
standard,  36  mm  diameter,  piezocones.   This  has  been 
demonstrated  in  an  experimental  laboratory  study  described 
in  detail  in  Chapter  6. 

The  purpose  of  building  the  piezoblade  was  not 
simply  to  develop  a  better,  less  disturbing,  piezometric 
probe,  but  rather  to  have  an  instrument  which  would  permit 
a  better  understanding  of  the  Marchetti  dilatometer. 
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Since  the  dilatometer  itself  does  not  measure  pore  pres- 
sures, it  is  not  possible  to  know,  except  in  the  extreme 
and  obvious  cases,  whether  a  test  is  being  performed  in 
a  drained,  undrained  or  partially  drained  manner.   By 
performing  piezoblade  and  dilatometer  tests  adjacently 
in  the  field,  it  will  be  possible  to  relate  dilatometer 
parameters  and  drainage  conditions. 

2.2   The  Blade 
The  body  of  the  piezoblade  is  identical  to  that  of 
the  dilatometer,  Figure  2-1.   It  was  machined  from  a 
single  piece  of  stainless  steel.   The  male  threads  are 
three  millimeters  deep  and  three  millimeters  apart,  and 
require  a  short  adaptor  to  connect  to  the  standard  cone 
penetration  test  outer  rods.   The  cavity  for  the  pore 
pressure  transducer  and  porous  stone  assembly,  and  the 
groove  for  the  wiring  and  thermal  compensation  section, 
were  machined  into  the  blade.   The  original  dilatometer 
shape  was  chosen  by  Dr.  Marchetti.   The  width  of  90  mm 
was  chosen  so  that  the  dilatometer  could,  if  necessary, 
be  penetrated  through  standard  100  mm  and  ^  inch  ID  casing. 
The  thickness  of  the  blade,  1^  mm,  was  chosen  as  small  as 

possible  consistent  with  the  requirement  that  it  not  be 

easily  damaged  or  bent. 
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Figure  2-1.   Sketch  Showing  Piezoblade  Dimensions 


2.3  The  Transducer  and  Connector 
The  transducer  is  the  main  component  of  the  piezo- 
blade .   It  must  have  a  high  sensitivity  in  order  to 
measure  small  changes  in  pressure  and  be  as  robust  and  well 
protected  as  possible.   The  transducer  chosen  was  a  model 
number  EPN-O350-IOO  with  a  range  of  0  to  ±100  psi  and  an 
overrange  of  ±200  psi.   The  recommended  excitation  is  15 
volts  and  the  operating  temperature  range  is  -60  F  to 
+250  F.   Figure  2-2  shows  (ietailed  riimenp!!  nns  nf  the  tranc;- 
ducer.   The  cable  which  connects  the  piezoblade  to  the 
surface  control  and  recording  instruments  is  100  feet  long. 
The  voltage  drop  in  the  wire  through  the  cable  was  measured 
and  found  to  be  0.05  volts.   Thus,  to  supply  15  volts  to  the 
transducer,  the  input  voltage  at  the  surface  must  be  15^05 
volts.   Output  signals  were  measured  at  the  transducer 
and  after  passing  through  the  100  foot  wire.   No  change  in 
signal  was  found  at  any  level. 

Front  and  side  view  sketches  of  the  piezoblade  with 
important  dimensions  are  included  in  Figures  2-3  and  2-^. 
Figure  2-5  shows  in  detail  the  location  of  the  transducer 
in  the  piezoblade.   The  transducer  is  permanently  held  in 
place  by  the  holder  shown  below  the  transducer  in  Figure  2-5 
and  in  detail  in  Figure  2-6.   The  holder  is  cemented  in 
place  using  a  special  glue  described  later,  and  is  removed 
only  if  the  transducer  is  damaged  and  to  be  replaced. 
Figure  2-7  is  a  photograph  of  the  piezoblade  showing  the 
transducer  cavity  and  groove.   In  Figure  2-8  the  transducer 
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Figure  2-6.   Piezoblade  Transducer  Holder 
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Figure  2-?. 


Piezoblade  Showing  the  Transducer  Cavity 
and  Wiring  Groove 


Figure  2-8.   The  Transducer  in  Place  in  the  Piezoblade 


1^ 

is  in  place  just  prior  to  affixing  the  holder. 

Located  above  the  transducer  in  Figure  2-5  are  the 
porous  stone  and  its  holder.   The  holder,  shown  in  detail 
in  Figure  2-9,  consists  of  a  stainless  steel  ring  with 
counter-sunk  screws  "by  which  it  is  attached  to  the  blade. 
It  holds  the  very  fine  porous  stone  in  place.   Photographs 
in  Figures  2-10  and  2-11  illustrate  this  part  of  the 
piezoblade . 

With  the  transducer  in  place,  the  wires  lie  in  the 
groove  and  are  threaded  through  the  5.8  ram  hole  to  the 
head  of  the  blade  (see  Figures  2-3  and  2-k) .      At  this 
location  a  watertight  connection  is  required  between  these 
wires  and  the  100  foot  cable.   A  search  of  electrical 
supply  companies  failed  to  produce  a  connector  of  the 
desired  size.   The  junction  described  below  was  therefore 
designed  and  has  performed  satisfactorily.   Within  the 
threaded  head  of  the  piezoblade,  shown  hatched  in  Figure 
2-12,  the  plastic  disc  A  with  four  pins  protruding  through 
each  face  is  seated  on  an  0-ring  and  held  down  by  tighten- 
ing the  threaded  ring  B.   Parts  A  and  B  are  shown  in  detail 
in  Figure  2-13.   Ring  B  is  screwed  using  the  special  tool 
shown  in  the  photograph  of  Figure  2-1^.   The  four  wires 
from  the  transducer  and  the  four  from  the  cable ,  Figure 
2-15,  are  soldered  to  the  lower  and  upper  pins  respectively 
of  the  disc  A  before  it  is  inserted.   The  end  of  the  cable 
has  a  swagelok  l/^  inch  male  end  which  screws  into  the  top 
of  the  piezoblade  head  making  a  watertight  connection. 
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Figure  2-10.   Front  of  the  Piezoblade  with  the  Porous 
Stone  and  its  Holder 


Figure  2-11.   Detail  of  Porous  Stone  Holder 
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Figure  2-12.   The  Piezoblade  Connector  in  Place  with  the 
Transducer  and  Cable  Wires  Attached 
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Figure    2-13.      The    Piezoblade   Electrical  Connector 
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Figure  2-1^-.   Special  Tool  to  Screw  the  Connector  in  Place 


Figure  2-15.   The  Piezoblade  Cable 
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With  the  transducer,  the  thermal  section  and  the  connector 
all  in  place,  the  transducer  holder  is  attached.   It  is 
held  temporarily  in  place  by  the  de-airing  unit  holder, 
Figure  2-16.   The  center  screw  impinges  on  the  indentation 
on  the  back  of  the  transducer  holder,  Figure  2-6.   The 
groove  and  the  surroundings  of  the  transducer  holder  are 
then  covered  with  a  special  glue.   This  was  made  by 
mixing  a  few  drops  of  Schnellklebstoff  FFX60  with  about 
a  lA  teaspoon  of  the  powder  Schnellklebstoff  FFX60 
Komponete  A.   This  produced  a  strong  glue  which,  after 
a  year  of  testing,  remains  intact. 

2.k     The  Cable 
A  100  foot  length  of  cable  connects  the  piezoblade 
to  the  ground  surface  instrumentation.   The  cable, 
consisting  of  four  conducting  wires  which  transmit  to  and 
from  the  transducer,  is  enclosed  in  9/32"  ID,  3/8"  CD 
plastic  tubing.   The  cable'  was  threaded  through  the 
tubing  using  the  following  procedure.   The  tubing  was 
laid  in  a  straight  line  and  a  1^.7  psi  vacuum  applied  at 
one  end.   A  cork  with  a  thin  thread  attached  was  introduced 
at  the  other  end  and  drawn  through  the  tubing  by  the 
vacuum.   A  stronger  thread  was  then  attached  to  the  fine 
thread  and  pulled  through.   Finally  the  cable  was  tied 
to  the  strong  thread  and  it  was  pulled  through.   The 
plastic  tubing  with  a  swagelok  connector  screws  into  the 
top  of  the  piezoblade.   To  prevent  the  cable  from  ever 
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Figure  2-16.   The  De-airing  Unit  Holder 


Figure  2-1?.   The  Test  Control  and  Recording  Units 
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being  accidentally  pulled  back  up  into  the  tubing,  a  simple 
twisted  wire  collar  of  large  diameter  was  placed  on  the 
cable.   In  addition,  the  wires  which  connect  the  cable 
to  the  connector,  Figure  2-12,  are  very  thin  and  will 
break  easily  if  any  severe  pulling  on  the  cable  should 
occur.   These  can  be  easily  replaced. 

2.5  Control  and  Recording  Units 
During  the  performance  of  a  test,  four  electrical 
control/recording  units  are  employed.   These  are  shown 
hooked  together  ready  for  testing  in  the  photograph  of 
Figure  2-17.   Because  the  piezoblade  cable  must  be 
threaded  through  the  string  of  drill  rods  it  is  not 
possible  to  have  permanent  electrical  connectors  or  clips 
on  the  four  wires.   Instead,  these  exposed  wires  are 
attached  to  four  alligator  clamps  in  the  Clamp  Box, 
Figure  2-18.   This  then  connects  to  the  Control  Box  via 
banana  jacks.   The  Control  Box  circuitry  is  shown  in 
Figure  2-19 .   It  has  eight  female  banana  jacks.   Four 
connect  via  the  Clamp  Box  to  the  transducer,  two  connect 
to  a  voltmeter  and  two  to  the  recorder.   A  three  position 
switch  allows  output  of  the  excitation  voltage  or  the 
signal  voltage.   The  center  switch  position  is  off.   Two 
9-volt  batteries  provide  the  power  while  a  rotary  resistor 
switch,  Figure  2-20,  permits  exact  control  of  the  excita- 
tion voltage . 

The  voltmeter  used  in  the  research  was  a  B  and  K- 
Precision  Model  28^5  Autoranging  Digital  Multimeter 
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Figure   2-18.      The   Clamp  Box 
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Figure  2-20.   The  Test  Control  Box 


Figure  2-21.   The  Voltmeter 
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manufactured  by  Dynascan  Corporation,  Figure  2-21.   This 
model  is  a  high-accuracy  instrument  for  measuring  dc  and 
ac  voltage,  dc  and  ac  current,  and  resistance.   Among 
the  performance  features  are  O.lfo   accuracy,  extensive 
overload  protection  and  long  battery  life.   Since  the 
piezoblade  penetrates  the  soil  at  a  constant  rate,  a  chart 
recorder  was  used  to  provide  a  permanent  record  of  the 
pore  pressure  changes.   The  recorder  used  was  manufactured 
by  Linear  Instrument  Corporation,  their  model  number  1^2. 
Figure  2-22.   It  is  a  multirange  potentiometric ,  null 
balance  servo  recorder  which  can  be  powered  either  by  mains 
electricity  or  by  rechargeable  batteries.   The  unit  is 
small,  weighs  only  5  kilograms  and  is  convenient  for 
field  testing.   The  chart  width  is  100  mm. 

2.6  Calibration  of  the  Pore  Pressure  Transducer 
Before  sealing  the  transducer  permanently  into  the 
probe,  it  was  necessary  to  calibrate  it,  i.e.,  experimen- 
tally establish  the  relationship  between  applied  pressure 
in  psi  and  the  output  signal  in  volts.   To  do  this  the 
special  calibration  unit  shown  in  Figures  2-23  and  2-24- 
was  built. 

The  device  consists  of  a  metal  ring  through  which 
two  holes  were  drilled  and  threaded.   To  the  upper  hole 
of  Figure  2-23  was  threaded  plastic  tubing  connected  to 
an  accurate  pressure  regulator  and  gauge  and  to  a  gas 
source.   Through  the  lower  threaded  hole  was  a  screw  by 
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Figure  2-22.   The  Linear  Instrument  Corporation  Recorder 
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Figure  2-23.   The  Calibration  Unit 
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Figure  2-24-.   Photograph  of  the  Calibration  Unit 
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which  the  pressure  transducer  and  its  holder  were  tightened 
against  an  0-ring,  forming  the  pressure  cavity.   Known 
increments  of  gas  pressure  were  applied  and  the  transducer 
output  recorded.   The  excitation  voltages  were  also 
varied  during  the  test,  between  1>.3  and  1.6,1  volts  in 
0.1  volt  increments.   Figure  2-25  shows  the  final  calibra- 
tion curves.   The  calibrations  were  all  linear  over  the 
pressure  range  tested,  with  a  slope  for  the  15  volt 
excitation  giving  a  relationship  of  3.5^  mv/psi .   The 
effect  of  varying  the  excitation  voltage  on  the  output 
voltage  was  to  increase  it  by  1  to  2  mv  for  each  0.1  volt 
increase  in  input  voltage .   In  a  particular  output  signal 
the  effect  of  a  0.1  volt  change  in  excitation  voltage  is 
thus  a  0.28  to  O.56  psi  change  in  pressure.   These  curves 
can  be  used  to  interpolate  the  results  of  a  test  if  the 
input  voltage  is  not  exactly  I5.O. 

2.7  De-airing  the  Piezoprobe 
A  very  critical  part  of  any  laboratory  or  field 
testing  method  which  attempts  to  measure  pore  water 
pressure  is  the  de-airing  of  the  unit.   Test  results 
cannot  be  relied  upon  with  confidence  if  there  has  been 
failure  to  remove  all  gas  bubbles  from  the  system,  or  if  a 
fluid  has  been  used  from  which  gas  may  come  out  of  solution 
during  testing,  Baligh  et  al.  (1980). 

In  this  research,  a  special  piezoblade  de-airing  unit 
was  constructed.   It  consists  of  four  parts,  the  holder 
Figure  2-26,  the  cylinder  Figure  2-2?,  the  top  cap  section 
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Figure   2-26.      The   De-airing   Unit   Holder 
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Figure  2-28,  and  the  inside  screen  Figure  2-29.   The 
assembled  unit  is  shown  in  Figure  2-30.   The  thick-walled, 
stainless  steel  cylinder  with  0-rings  top  and  bottom  is 
placed  on  the  piezoblade  and  tightened  down  by  means  of 
the  two  outer  screws  on  the  holder.   The  center  screw  is 
used  only  during  the  cementing  in  place  of  the  transducer 
holder,  described  in  Section  2.3.   The  porous  stone  and 
its  holder  are  placed  in  the  cylinder  and  the  screen  put 
in  place.   About  a  one  centimeter  depth  of  de-aired  water 
is  added  and  the  top  cap  screwed  on. 

The  unit  is  then  turned  upside-down,  such  that  the 
water  is  now  sitting  on  the  lucite  top  and  the  porous 
stone  and  holder  are  on  the  screen.   A  vacuum  is  applied 
via  the  cylinder's  quick  connect  and  all  air  removed  from 
the  space  above  the  water,  from  the  piezoblade  cavity  and 
from  the  porous  stone.   The  unit  is  then  turned  the  right 
way  up  and  the  water  allowed  to  flood  the  piezoblade 
cavity.   The  vacuum  is  disconnected  and  air  allowed  in  on 
top  of  the  water.   The  top  cap  can  then  be  unscrewed  and 
the  screen  removed.   The  porous  stone  and  holder  are 
assembled  and  screwed  in  place,  underwater. 

The  piezoblade  and  the  de-airing  assembly  are  then 
placed  in  a  bucket  of  de-aired  water  and  the  de-airing 
unit  unscrewed.   Finally  the  de-aired  and  saturated 
piezoblade  is  placed  in  a  plastic  bag  full  of  water  and 
sealed.   It  is  ready  for  field  testing.   Figures  2-31  and 
2-32  show  photographs  of  the  de-airing  unit. 
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Figure  2-29.   The  De-airing  Unit  Screen 
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Figure  2-30.   The  Assembled  De-airing  Unit 
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Figure  2-31 . 


Photographs  of  the  De-airing  Unit's  Cylinder, 
Top  and  Screen 
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Figure  2-32.   Photographs  of  the  De-airing  Unit  and  the 
Piezoblade 


CHAPTER  3 
OTHER  INSITU  TEST  DEVICES 

3.1   Introduction 
In  the  field  testing  program  associated  with  this 
research  a  large  number  of  dilatometer  and  cone  penetra- 
tion tesxs  were  performed  adjacent  to  the  piezoblade 
soundings.   This  chapter  very  briefly  describes  these 
devices,  the  test  procedures  and  the  relevant  data  reduc- 
tion methods . 

3.2   The  Dilatometer  Test 
The  flat  plate  dilatometer  was  developed  in  Italy 
by  Dr.  Silvano  Marchetti,  professor  of  soil  mechanics 
at  L'Aquila  University,  Marchetti  (1975,  1980).   The 
device  was  originally  designed  to  measure  the  insitu  soil 
modulus  for  laterally  loaded  piles.   However,  extensive 
field  testing  has  generated  a  number  of  correlations  which 
now  permit  the  evaluation  of  many  other  geotechnical  param- 
eters. 

3.2.1   The  Equipment 

The  equipment  consists  of  three  major  components,  the 
blade,  the  control  unit,  and  the  connecting  cable.  Figure 
3-1  is  a  photograph  of  all  the  test  equipment  and  includes, 
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Figure   3-1.      The   Dilatometer  Test  Equipment 
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Figure  3-2.   The  Flat-blade  Dilatometer 


besides  the  three  basic  units,  some  calibration  equipment 
and  a  box  of  tools.   The  blade  is  shown  above  in  Figure 
3-2.   It  is  a  stainless  steel  plate  with  a  sharpened 
bottom  edge  and  is  threaded  for  connection  to  a  string  of 
drill  rods.   On  one  face  of  the  blade  is  a  thin  circular 
expandable,  steel  membrane.   The  test  consists  of  pushing 
the  plate  vertically  into  the  ground  and  stopping  at 
frequent  intervals  to  determine  the  gas  pressure  behind 
the  membrane  needed  to  expand  it  1  mm  into  the  soil.   The 
cable  which  connects  the  dilatometer  to  the  control  unit 
is  threaded  through  the  drill  rods  and  is  a  combined  gas 
and  electrical  line.   The  control  unit,  Figure  3-3. 
consists  of  a  pressure  gauge  and  regulator  by  which  gas 
pressure  is  sent  to  the  dilatometer,  and  a  galvanometer 
and  buzzer  which  indicate  when  the  desired  displacement 
has  been  achieved. 

3.2.2   Dilatometer  Test  Procedure 

Prior  to  testing,  a  brief  calibration  is  required. 
The  syringe  and  pressure/vacuum  gauge  of  Figure  3-^■   are 
attached  to  the  pressure  control  unit  instead  of  the 
normal  gas  source.   A  vacuum,  applied  by  drawing  the 
syringe  plunger,  pulls  the  dilatometer  membrane  into  con- 
tact with  its  seating,  completing  an  electric  current  and 
activating  the  buzzer.   This  vacuum  pressure,  AA,  is 
recorded.   A  pressure  is  then  applied  by  pushing  in  the 
plunger  and  the  pressure  AB  noted  when  the  buzzer  is 
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Figure  3-3-   The  Control  Unit 


Figure  3-k.      The  Calibration  Equipment 


reactivated  indicating  a  membrane  expansion  of  1  mm. 
These  procedures  are  repeated  until  consistent  values  are 
obtained. 

For  the  field  test,  the  dilatometer  is  pushed  into 
the  ground  at  a  slow  constant  rate  by  the  University  of 
Florida  cone  penetration  test  truck.   At  20  cm  depth 
intervals,  penetration  is  ceased  and  a  test  performed. 
During  insertion  the  soil  pressure  on  the  membrane  presses 
it  onto  its  seating  and  the  buzzer  sounds.   To  run  the 
test,  the  gas  pressure  behind  the  membrane  is  slowly 
increased  by  means  of  the  central  panel  regulator.   When 
the  membrane  separates  from  its  seating  the  buzzer 
deactivates,  and  the  pressure  acting.  A,  is  recorded. 
When  the  buzzer  reactivates,  the  1  mm  expansion  has  been 
achieved.   This  pressure,  B,  is  also  recorded  and  the 
equipment  immediately  vented  so  as  not  to  overstress  the 
metal  membrane.   The  dilatometer  is  then  ready  to  be 
penetrated  to  the  next  test  depth. 

3.2.3   Dilatometer  Data  Reduction 

The  dilatometer  parameters  I^,  K^,  and  E_  are  calcu- 
lated by  means  of  the  following  equations,  Marchetti 
(1980), 

Pq  =  1.05(A-Zp^+AA)-0.05(B-Zj^-AB)  (3-1) 

P^  =  B-Zj^^-AB  (3-2) 

AP  =  P^-Pq  (3-3) 
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Id  =  (Pi-Po)/(Po-Uo)  (3-^) 

^D  =  ^V^o^/^v  (3-5) 

Ej3  =  38(P-^-Pq)  (3-6) 

where 

I„  =  Material  Index 

Kp.  =  Horizontal  stress  Index 

Ej.   =  Dllatometer  modulus 

Pq  =  Corrected  first  reading.   Pressure  to  separate 

the  mem'Drane  from  its  seating 
P^  =  Corrected  second  reading.   Pressure  to  expand 

the  membrane  center  one  millimeter  Into  the  soil. 
Up.  =  Hydrostatic  pore  water  pressure 
A  =  First  dllatometer  reading 
B  =  Second  dllatometer  reading 
AA  =  Free-air  correction  for  A 
AB  =  Free-air  correction  for  B 
Z]^  =  Zero  pressure  gauge  reading  when  control  unit  is 

vented 

a   =  Vertical  effective  stress  at  depth  of  membrane 
V  ^ 

center 

Pq  and  P^ ,  the  corrected  values  of  A  and  B,  depend 
on  the  calibration  pressures  and  on  the  geometry  of  the 
measuring  device.   The  equations  are  derived  in  Marchettl 's 
(1980)  paper. 

The  Material  Index  I„  correlates  well  with  particle 
size,  (Ip<0.6  =  clay,  0.6<l^<l.d  =  silt,  Iq>1.8  =  sand), 
Figure  3-5. 
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The  Horizontal  Stress  Index  K^,  is  of  the  form  of  a 
lateral  stress  ratio,  i.e.,  the  ratio  of  an  effective 
lateral  pressure  to  the  vertical  effective  stress. 

The  Dilatometer  Modulus  E^  was  developed  from  a 
theory  of  elasticity  solution  to  the  following  problem: 
a  load  on  the  surface  of  a  half-space  with  no  normal 
displacement  of  the  surface  permitted  outside  the  loading. 


„   _   2D  P    (l-v~) 

^  ~   IT   •    E  (3-7) 

where 

E  =  Young's  modulus 

V  =  Poisson's  ratio 

D  =  Membrane  diameter  =  60  mm 

S  =  Movement  of  membrane  =  1  mm 

therefore.       1  ^  ^-i^^    .  %^ 

Eq  =  ^-2  =  38AP  (3-8) 

1-v 

Experimental  correlation  with  the  dilatometer  param- 

e t  e  rs  defined  above  allows  the  evaluation  of  several 

geotechnical  parameters,  including  K„ ,  OCR,  M(=l/m  ) , 

C   and  jZf.   Details  of  all  the  correlations  are  given  in 

the  Marchetti  (I98O)  paper.   Those  for  the  overconsolida- 

tion  ratio  (OCR)  and  the  constrained  modulus  (M) ,  which 

are  used  in  Chapter  7  of  this  thesis,  are  listed  below. 
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If  io<1.2  OCR  =   (.5Kq)^*^^  (3-9) 

If    Iq>2.0  OCR   =    (.^SKq)^-^^  (3-10) 

If  1.2<Iq<2.0  OCR   =    (mK^)^  (3-11) 


P  =    (lj^-1.2)/0.8  (3-12) 

m  =  0.5  +  0.17P  (3-13) 

^     —     A       e  iC     .1.     r\     o  en  f'^,_''2j,'l 

If  the  value  of  OCR  predicted  from  the  dllatometer 
test  is  less  than  0.8,  it  is  written  as  0CR<0.8,  because 
it  is  not  within  the  range  of  valid  correlation. 

m=Rm  •  Eq  (3-15) 

where 

If  Iq<0.6  Rjyj  =  0.1^  +  2.36   log  Kj^  (3-16) 

If   Iq>3.0  Rjyj  =   0.5   +  2.0    log  Yi^  (3-17) 

If   0.6<I^<3.0        R      =   R^^^4-    (2.5    -   R^,o)log  K^      ^^-^^) 

R  =    0.1^4-   +    0.15(ln-0.6)  (3-19) 

m,  0  U 

If  the  calculated  value  of  Rjy,  is  less  than  0.85»  then 
0.85  is  used  in  the  determination  of  M. 
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3.3   The  Cone  Penetration  Test 
The  cone  penetration  test  or  Dutch  cone  test  originated 
in  Holland  and  consists  of  pushing  a  solid  tip  penetrometer 
into  the  ground  at  a  constant  rate.   Surface  measurements 
of  the  pressure  required  for  penetration  are  made. 
Theoretical  analyses  and  experimental  correlations  permit 
an  evaluation  of  soil  type  and  many  geotechnical  param- 
eters. 

3.3«1   The  EqulpmeriL  and  TesL  Frocedui-u 

In  this  research  a  Begemann  friction  tip  was  used, 
Figure  3-6.   This  60°,  10  cm  ,  mechanical  tip  requires 
the  use  of  an  outer  and  inner  loading  rod  system.   When  a 
load  is  applied  to  the  outer  rod,  the  tip,  in  its  collapsed 
state,  Figure  3-o(a),  is  penetrated  to  the  desired  test 
depth.   A  load  is  then  applied  to  the  inner  rod,  which 
first  penetrates  only  the  point,  Figure  3-6(b).   The 

measured  pressure  permits  the  calculation  of  q  ,  the  cone 

2 

end  bearing.   Further  penetration  causes  the  150  cm 

friction  sleeve  to  be  engaged  and  both  the  point  and  the 
sleeve  move.  Figure  3-6 (c).   From  this  pressure  is  calcu- 
lated q   +  f  ,  where  f   is  the  unit  side  friction. 
^c    s         s 

Finally,  the  tip  is  again  collapsed  and  penetrated  to  the 
next  test  depth  by  transferring  the  load  to  the  outer  rods. 

The  University  of  Florida  cone  truck  was  used  to 
penetrate  the  Begemann  tip.   The  truck,  which  weighs  more 
than  13  tons,  provides  the  necessary  reaction  while  the 
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Figure   J-G.      Begemann  Tips 
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tip-  is  penetrated  by  means  of  a  hydraulic  ram.   Pressures 

are  read  from  two  Bourdon  gauges,  a  low  range  0  -  100  kg/cm 

and  a  high  range  0  -  600  kg/cm  . 

Depths  and  gauge  pressures  are  usually  punched  into 

a  programable  hand  calculator  or  main  line  computer  and 

the  data  automatically  reduced  to  give  q  ,  f  and  FR,  the 

friction  ratio.   Plots  of  q  and  FR  versus  depth  are 

available  from  the  computer,  see  for  example  Appendix  C. 

^  ^     <-^    rt  -  , —   T-i_ J !.;_„  m__4-  ri„-y,-,«.-,n„-i-'„,^^ 

A  large  number  of  primarily  experimental  correlations 
are  available  for  determining  geotechnical  parameters  and 
for  foundation  design.   Schmertmann  (1977a)  contains 
detailed  descriptions  of  many  such  correlations,  including 
evaluation  of  soil  type  (Figure  3-7  and  Table  3-1)  relative 
density,  sensitivity,  OCR,  C  ,  j^' ,  and  design  procedures 
for  piles,  settlement  of  footing  on  sand,  consolidation 
settlement  of  clays  and  compaction  control. 
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Figure   3-7. 
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Table  3-1.   Values  of  fg/q„  for  Loose  Medium  and 
Dense  Sands  (Schmertmann,  1977b) 


Sand 

Loose 
30% 

Medium 
60% 

Dense 
90% 

S 

1 

2 

^ 

tan  6 
(Steel) 

1/3 

1/3 

1/3 

^0 

(bar) 

20 

80 

220 

^s 
(bar) 

1/3 

2/3 

^/3 

^s/^c 

1/60 

1/120 

2/330 

K  =  Passive  stress  ratio 
P 

f  /q   =  FR  =  Friction  ratio 
s'  ^c 


CHAPTER  k 
FIELD  TESTING 

^.1   Introduction 
The  purpose  of  the  field  testing  was  to  test  the 
newly  developed  piezoblade  and  to  establish  relationships 
between  lu  an>a.  oiiS  i_i.ij.aoOmS  uST  ,      ux  prxmary  inipoi"  oance  was 
an  evaluation  of  the  drainage  conditions  around  the  dilatom- 
eter  in  different  soils.   This  was  determined  by  using  the 
identically  shaped  piezoblade  adjacent  to  dilatometer 
soundings  and  analyzing  the  test  results.   Five  sites  close 
to  the  University  of  Florida  campus  were  chosen  and  dilatom- 
eter, piezoblade,  cone  penetration  tests  and  sampling 
performed.   This  chapter  describes  the  sites,  locates  and 
numbers  all  the  tests  performed  at  each  site  and  briefly 
describes  some  of  the  testing  procedures. 

^.2   Test  Sites 

^.2.1   Location 

Five  test  sites  were  chosen  in  Alachua  County,  Florida, 
within  short  driving  distances  of  the  University  of  Florida 
campus.   Four  of  the  sites  bounded  Lake  Alice  which  is 
located  on  the  edge  of  the  University  campus.   The  fifth 
site  was  at  Lake  Wauberg  which  is  owned  by  the  University 
for  recreational  purposes  and  is  located  about  12  miles 
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south  of  the  campus.   The  sites  were  chosen  near  the  two 
lakes  as  it  was  desirable  to  have  high  groundwater  levels. 
For  the  piezoblade  tests,  in  order  to  maintain  a  fully- 
saturated  measuring  device,  it  is  necessary  to  initially 
drill  to  below  the  water  table  before  inserting  the  probe 
into  the  hole.   It  was  desirable  that  this  be  done  by 
hand  augering.   At  the  sites  chosen,  the  depth  to  the 
water  table  varied  between  50  and  200  cm,  and  with  dis- 
tances from  the  water's  edge. 

Figure  ^-1  shows  the  location  of  Alachua  County 
within  the  state  of  Florida,  and  also  the  city  of  Gaines- 
ville, in  which  the  University  of  Florida  is  situated. 
Figure  ^—2    is  a  detail  of  a  map  and  shows  the  locations 
of  Lake  Alice  and  Lake  Wauberg. 

^■.2.2      Site  Geology 

Alachua  County  lies  in  the  north-central  portion  of 
peninsular  Florida  in  the  coastal  plane  physiographic 
province  (Wiener,  1982).   The  entire  county  is  underlain 
by  limestone  of  the  Ocala  Group  of  late  Eocene  age.   A 
thick  sequence  of  Hawthorn  Formation  clays  and  sands 
overlie  the  limestone  in  eastern  Alachua  County  but  are 
intermittent  or  nonexistent  in  the  central  and  western 
portions  of  the  county.   A  thin  cover  of  loose  surficial 
sands  overlies  the  Hawthorn  Formation.   In  western  Alachua 
County  a  thick  sequence  of  pleistocene  dune  sands  overlies 
the  Ocala  Formation.   The  Hawthorn  Formation  consists  of 
varying  amounts  of  clay,  quartz  sand,  and  limestone  with 
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ALACHUA     ^  COU  NTY 


GAIN  ESVILLE 


isure  ^-1.   Location  of  Alachua  County  and  the  City  of 
Gainesville 


Fig- 
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Figure  ^-2.   Location  of  Lake  Alice  and  Lake  Wauberg 
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phosphatic  grains  and  pebbles.   One  of  the  most  important 
characteristics  of  the  Hawthorn  Formation  is  its  horizon- 
tal and  vertical  heterogeneity  (Pirkle,  I956). 

Lake  Alice  is  located  approximately  in  the  center  of 
Alachua  County.   This  area  consists  of  a  nearly  flat  plain 
underlain  by  limestone  of  the  Crystal  River  Formation  and 
mantled  by  thin  sandy  soil  and  residual  outlines  of  the 
Hawthorn  Formation  (Opper,  I98I).   Lake  Alice  is  approxi- 
mately 70  feet  above  sea  level.   Figure  ^-3  shows  a 
topographic  map  of  the  vicinity  of  the  lake . 

Lake  Wauberg  is  located  near  the  southern  border  of 
Alachua  County  and  centrally  in  an  Sast-West  direction. 
The  area  around  the  lake  consists  of  three  different 
geological  layers.   The  top  layer  is  sand  or  a  sand/clay 
mixture.   According  to  Carl  Opper  (I98I)  the  sand  layer 
is  from  two  to  twelve  feet  thick  with  an  average  of  about 
four  feet,  while  the  sand/clay  layer  is  from  five  to  seven- 
teen feet  in  thickness.   The  clays  consist  of  montmorillo- 
nite  and  kaolinite .   Under  this  top  layer  is  the  Hawthorn 
clay  which  is  a  very  dense  plastic  and  very  impermeable 
layer.   The  Hawthorn  also  contains  many  lenses  of  sand 
and  limestone. 

Lying  below  the  Hawthorn  Formation  on  an  unconformable 
surface  are  several  thousand  feet  of  limestone  and  dolomite, 
the  Ocala  limestone.   Figure -^-^  shows  a  topographic  map 
of  the  Lake  Wauberg  area.   Figure  ^-5  shows  a  block 
perspective  diagram  of  an  Ocala  Limestone  structure  contour 
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Figure  ^—k.      Topographic  Map  of  Lake  Wauberg 
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6k 
map  produced  by  a  computer.   This  illustrates  that  the 
elevation  of  the  top  of  the  rock  is  very  variable  and 
changes  rapidly. 

^.2.3   Site  Plans 

Figures  ^-6  to  ^-10  contain  plans  of  the  five  test 
sites.   For  each  site,  symbols  indicate  the  location  and 
type  of  test  performed.   Distances  are  in  general  marked 
from  the  water's  edge.   The  boring  numbers  are  indicated 
beside  the  symbols.   These  allow  the  profiles  and  test 
results  of  future  sections  to  be  related  back  to  their 
field  locations.   For  example,  the  following  tests  were 
performed  at  Site  3i  Figure  ^-8;   three  piezoblade  sound- 
ings, numbers  ^,  5f  and  13;   three  dilatometer  soundings, 
numbers  ^,  5.  and  12;   four  cone  penetration  tests,  numbers 
3,  9.  10,  and  11;   two  disturbed  sampling  borings,  numbers 
3  and  ^;   and  one  undisturbed  sampling  boring,  number  2. 
The  piezoblade  profiles  can  be  found  in  Appendix  A,  the 
dilatometer  results  in  Appendix  B,  the  cone  penetration 
test  results  in  Appendix  C,  consolidation  test  plot  from 
undisturbed  samples  in  Appendix  D,  triaxial  test  plots  in 
Appendix  E  and  soil  classifications  from  disturbed  samples 
in  Chapter  5. 

4.3   Piezoblade  Testing 

4.3»1   Test  Preparation 

The  piezoblade,  de-aired  and  saturated  as  described 
in  Section  2.7i  was  brought  to  the  site  enclosed  in  a  water 
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LAKE  ALICE  (Site  -  l) 


IT 
11'  - 


7 


(1A12 

+  8 

6' 

•  10 

.    Al 

e 


02 


l3' 


•  2 


Figure  ^ 


_6.   Site-1,  North  of  Lake  Alice 
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LAKE   ALICE    (Site   -    2) 
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LAKE  ALICE   (Site   -   4) 
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Figure  ^-9 .      Site-'^,  North  of  Lake 
Alice 
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LAKE  WAUEURG  (Site  -  5) 
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Figure  /+-10.   Site-5,  Northwest  of  Lake  Wauberg 


70 
filled  plastic  bag  and  submerged  in  a  bucket  of  water. 
The  test  hole  was  hand  augered  to  about  30  cm  below  the 
water  table  and  the  truck  located  over  the  hole.   The 
bucket  and  piezoblade  were  then  placed  adjacent  to  the 
hole  under  the  truck,  and  the  100  foot  cable  passed  up 
through  the  hole  in  the  floor  of  the  truck.   The  cable 
was  threaded  through  the  appropriate  number  of  1  m  drill 
rods,  and  the  four  conducting  wires  connected  to  the  Clamp 
Box.   The  remaining  control  and  recording  instruments  were 
hooked  up  as  described  in  Section  2.5.  and  the  excitation 
voltage  set  to  15  volts. 

The  piezoblade  was  then  removed  from  the  bucket, 
screwed  to  the  first  length  of  drill  rod  and  lowered 
slowly  into  the  test  hole.   Additional  rods  were  added 
until  the  probe  was  sitting  underwater  at  the  bottom  of  the 
hole.   It  was  then  pushed  about  10  cm  into  the  soil, 
withdrawn  the  10  cm  and  this  process  repeated  a  number  of 
times  to  ensure  that  the  plastic  bag  was  torn  and  the  blade 
was  in  contact  with  the  natural  groundwater.   The  depth  of 
the  piezoblade  below  the  ground  surface  was  accurately- 
measured  and  the  test  was  then  ready  to  proceed. 

^.3.2   Types  of  Piezoblade  Tests 

Two  different  types  of  piezoblade  tests  were  performed, 
continuous  penetration  and  incremental  penetration.   In  the 
continuous  test  the  blade  was  pushed  into  the  ground  at  a 
constant  rate  of  2  cm/sec  for  the  entire  1  m  penetration 
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length  of  the  rods.   Only  when  an  additional  length  of 
rod  needed  to  be  added  was  the  test  penetration  stopped. 
A  continuous  plot  of  generated  excess  pore  water  pressure 
versus  depth  was  thus  obtained  for  each  sounding.   Since 
the  recorder  speed  was  constant,  linear  interpolation  on 
the  chart  over  each  meter  length  of  depth  was  possi'ble . 
Millivolt  readings  at  5  cm  ground  depth  increments  were 
taken  and  using  the  correlations  of  Figure  2-25 f  pore 
pressures  determined  and  plotted.   In  Table  ^-1  the 
continuous  penetration  tests  are  indicated  along  with  the 
page  numbers  where  test  plots  can  be  found. 

In  the  incremental  test,  a  penetration  rate  of  2 
cm/sec  was  again  used  but  insertion  was  stopped  every  20  cm 
and  the  excess  pore  water  pressures  allowed  to  dissipate 
for  up  to  two  minutes.   This  was  done  to  simulate  the 
dilatometer  test,  in  which  tests  are  performed  at  20  cm 
increments  and  take  about  one  minute  each  to  perform. 
Table  '^-1  also  lists  these  tests  and  where  the  plots  may 
be  found. 

^'.^'     Dilatometer  Testing 
After  calibrating  the  dilatometer  as  described  in 
Section  3.2.2,  the  cable  was  stretched  out  in  a  straight 
line  and  the  desired  number  of  drill  rods  run  onto  it. 
The  cable  quick  connect  was  then  inserted  into  the  control 
unit.   The  pressure  source  was  also  connected  to  the  control 
unit  and  set  to  a  pressure  less  than  the  maximum  capacity  of 
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Table  ^-1 .   List  of  Piezoblade  Tests  Performed 


Test 
No. 

Site 
No. 

Test 
Type 

Depth 
(m) 

Date 
Tested 

Test  Results 
On  Page 

1 

1 

CP 

5.00 

07/01/81 

192 

2 

1 

CP 

9.00 

07/06/81 

193 

3 

2 

CP 

8.00 

07/09/81 

19^ 

ij- 

3 

CP 

7.10 

07/17/81 

195 

5 

3 

CP 

9.00 

07/21/81 

196 

6 

2 

IP 

3.20 

08/01/81 

203 

7 

if 

IP 

2.00 

08/03/81 

20^ 

.  8 

5 

IP 

^.80 

08/1V81 

205 

9 

5 

IP 

6.20 

08/15/81 

206 

11 

1 

IP 

5.20 

08/17/81 

207 

12 

1 

CP 

8.00 

09/22/81 

201 

13 

3 

IP 

3.50 

09/2V8I 

208 

*CP=Continuous  Penetration 
IP= Incremental  Penetration 
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the  unit.   Originally  carbon  dioxide  was  used  but  some 
freezing  of  the  regulators  was  found,  so  a  change  was 
made  to  nitrogen  gas.   The  zero  pressure  Z.,,  the  reading 
on  the  control  unit  gauge  at  zero  pressure,  was  recorded. 
The  first  lengths  of  drill  rod  were  attached  and  the 
dilatometer  hung  from  the  hydraulic  ram  just  above  the 
ground  surface.   The  ground  wire,  which  completes  the 
electrical  circuit,  was  connected  to  the  control  box  and 
by  an  alligator  clip  to  the  drill  rods.   The  blade  was 
then  penetrated  into  the  ground  at  a  constant  rate  of 
2  cm/sec  in  20  cm  increments  and  testing  performed  as 
described  in  Section  3 •2. 2.   The  micrometer  valve  which 
controls  the  gas  passing  to  the  dilatometer  was  opened 
slowly,  ideally  taking  15  seconds  to  read  pressure  A, 
membrane  lift-off,  and  a  further  15  seconds  to  reach 
pressure  B,  the  1  mm  membrane  expansion.   On  reaching 
pressure  B,  the  vent  valve  was  immediately  opened  and 
finally  the  micrometer  valve  closed.   The  dilatometer  was 
then  ready  for  penetration  to  the  next  test  depth.   A 
computer  program  was  used  to  reduce  and  plot  the  field 
data.   Table  ^^-2  lists  the  dilatometer  tests  performed 
and  the  pages  on  which  the  results  can  be  found. 

^■.5      Cone  Penetration  Testing 
Cone  penetration  tests,  with  which  the  University  of 
Florida  Geotechnical  group  has  considerable  experience, 
were  performed  at  all  sites.   The  test  equipment  has 
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Table  ^-2.   List  of  Dilatometer  Tests  Performed 


Test 
No. 

Site 
No. 

Depth 
(m) 

Date 
Tested 

Test  Results 
On  Page 

1 

1 

5.00 

07/01/81 

210-221 

2 

1 

8.60 

07/06/81 

211-222 

3 

2 

7.00 

07/09/81 

212-223 

k 

3 

7.^0 

07/20/81 

213-224 

5 

3 

8.80 

07/20/81 

214-225 

6 

i^. 

1.60 

08/03/81 

215-226 

7 

5 

^■.80 

08/1V81 

216-227 

8 

5 

5.80 

08/15/81 

217-228 

9 

5 

^'.6o 

08/15/81 

218-229 

10 

1 

7.80 

10/23/81 

219-230 

11 

1 

7.80 

10/2V81 

220-231 

15 

already  been  briefly  described  in  Section  3'3'1»   In  the 
mechanical  system  employed  during  this  research,  inner 
and  outer  rods  are  used  to  transmit  the  loads  to  the  tip. 
Inner  rods  which  had  been  removed  for  piezoblade  and 
dilatometer  testing  were  lubricated  and  replaced  v/ithin 
the  outer  rods.   A  friction  reducer  was  used  on  the  first 
rod  above  the  tip.   Tests  were  all  performed  in  the  standard 
manner,  with  a  2  cm/sec  penetration  rate  and  readings  taken 

e-rrf^-^->r     on  ^TYi     rn^1~.n  Q  /i._'5  T  n  c  +  o  -t-ViQ  (-»nno  -nono  +  va+i  on  i'pc'  +  c! 

performed  and  the  location  in  this  dissertation  of  the 
test  results. 
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Table  ^-3.   List  of  Cone  Penetration  Test  Soundings 
Performed 


Test 
No. 

Site 
No. 

Depth 
(m) 

Date 
Tested 

Test  Results 
On  Page 

1 

1 

9.80 

07/07/81 

233 

2 

2 

7.^0 

07/07/81 

22>k 

3 

3 

S.i^O 

07/21/81 

235 

i^ 

5 

5.80 

08/15/81 

236 

5 

5 

6.00 

08/15/81 

237 

6 

1 

8.80 

09/23/81 

238 

7 

1 

8.80 

09/23/81 

239 

8 

1 

8.80 

09/23/81 

2i^0 

9 

3 

7.00 

09/2V8I 

2^1 

10 

3 

7.80 

09/25/81 

2^1-2 

11 

3 

8.60 

09/2V8I 

243 

12 

^ 

1.60 

06/16/82 

2kk 

CHAPTER  5 
LABORATORY  SOIL  TESTS 

5.1   Introduction 
Samples  were  obtained  from  the  five  field  test  sites 

were  collected  from  five  hand  augered  borings  to  a  maximum 
depth  of  3  i^»   Nine  undisturbed  piston  samples,  the 
deepest  to  6.1  m,  were  taken  from  five  other  borings. 

Only  classification  tests  were  performed  on  the 
disturbed  samples.   These  included  determination  of 
moisture  content,  specific  gravity,  Atterberg  liquid  and 
plastic  limits  and  grain  size  distributions.   Consolidation 
and  triaxial  tests  were  performed  on  the  undisturbed  samples 
as  well  as  the  above  classification  tests. 

The  primary  purpose  of  this  testing  program  was  to 
provide  a  comparison  between  laboratory  determined  and 
dilatometer  determined  soil  parameters. 

5.2   Sampling  Procedures 
The  disturbed  samples  were  obtained  using  the  5-72  cm 
diameter,  20  cm  long  bucket  hand  auger  shown  in  Figure  5-1 ■ 
This  sampler,  which  was  designed  for  use  with  the  Menard 
pressuremeter ,  can  be  used  to  depths  of  about  5  ^ 
under  ideal  conditions.   The  rods  are  conically  threaded 
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78 
and  come  in  one  meter  lengths.   In  this  testing  program 
samples  at  50  cm  intervals  were  collected,  placed  in  glass 
jars  and  sealed. 

The  undisturbed  samples  were  obtained  using  the 
Sv/edish  Fixed  Piston  Sampler  shown  in  Figure  5.2  .   This 
sampler  is  pushed  into  the  ground  using  the  cone  penetra- 
tion test  truck.   At  the  desired  sampling  depth,  a  steel 
tape  is  passed  down  the  string  of  drill  rods  to  engage 
Q  ■h<a-!rnne+  f^  0  pj\^ '^  "^  1  <~^ '^  ,      Thif=!  tflne,  whir.h  is  fixed  to  the 

V 

truck,  holds  the  piston  while  the  sampler  is  further 
penetrated.   At  the  end  of  the  stroke  the  tape  is  auto- 
matically disengaged.   The  sampler  is  then  withdrawn  and 
the  sample  in  four,  1?  cm  long,  50  mm  I.D.,  53  mm  O.D. 
fiberglass  liners  extruded.   The  liners  are  capped  for 
transportation  to  the  laboratory.   Table  5-1  locates  the 
nine  piston  samples  taken,  by  boring  number,  site,  and 
depth. 

5.3   Tests  on  Disturbed  Samples 
The  tests  performed  on  the  disturbed  samples  were 
all  of  the  classification  variety.   Water  contents  were 
determined  for  all  samples  immediately  on  return  to  the 
laboratory.   Specific  gravity  tests  were  also  performed 
on  all  samples  while  Atterberg  liquid  and  plastic  limits 
were  determined  for  those  samples  exhibiting  cohesion. 
Before  sieving,  each  sample  was  washed  through  a  #200 
sieve  to  separate  sandy  material  from  the  fines.   Both 
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i»gt^^M-_-,  L  y     .■'ya^Pg-^WI»J.^t=afE=iJf>^i^^  ^>.^.^ 


Figure  5-1 .   The  Hand  Auger  Sampler 


Figure  5-2.   The  Swedish  Fixed  Piston  Sampler 
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Table  5-1.   List  of  Undisturbed  Samples  Taken 


Number 

Site 
No. 

Sample 
No. 

Sample 

Depth 

(m) 

Date 
Obtained 

1 

1 

1 

1.50  -  2.17 

08/10/81 

2 

3.^5  -  '^.IS 

08/10/81 

3 

i^.50  -  5.18 

08/12/81 

2 

3 

ii- 

4.^0  -  ^.80 

09/2V8I 

5 

5.50  -  6.00 

09/25/81 

3 

2 

6 

3.^5  -  ^.20 

09/28/81 

7 

5.^0  -  6.10 

06/16/82 

k 

5 

8 

3.ii-o  -  ^-.lO 

07/15/82 

5 

5 

9 

3.i^o  -  ^.10 

07/15/82 

81 

fractions  were  then  oven-dried  and  a  sieve  analysis  later 
performed  on  the  coarse  fraction.   For  any  sample  having 
more  than  lOfo   hy  weight  passing  the  #200  sieve,  a  hydrometer 
analysis  was  also  performed.   Each  soil  was  then  classified 
according  to  the  Unified  Soil  Classification  System. 
All  laboratory  tests  were  carried  out  according  to  the 
acceptable  standard  procedures  described  in  Lambe  (1951) 
and  Bowles  (1970) . 

Results  from  the  disturbed  sam.'ole  tests  and  their 
classification  are  summarized  in  Tables  5-2  through  5-6. 

5.^  Tests  on.   Undisturbed  Samples 
One  dimensional  consolidation  and  consolidated 
undrained  triaxial  tests  were  performed  on  the  undisturbed 
samples  as  well  as  the  routine  classification  tests 
described  above.   A  total  of  fifteen  consolidation  tests  ■ 
and  nine  triaxial  tests  were  performed. 

5.^.1   Consolidation  Tests 

The  consolidation  tests  were  carried  out  in  two 
different  pieces  of  equipment,  the  Anteus  and  the  Soil 
Test  consolidometers.   Standard  test  procedures  were 
followed  in  all  tests  and  are  not  described  herein.   The 
Anteus  equipment,  shown  in  Figure  5-3 t  permits  back 
saturation  of  the  sample.   Drainage  was  from  the  top 
surface  only  and  load  increments  of  0.5f  1.0,  2.0,  4.0, 
8.0,  and  l6.0  tons/ft.^  were  used.   The  ring  had  a  diameter 
of  50.3  mm  and  the  sample  height  was  I9.O  mm. 
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Figure  5-3.   The  Anteus  Consolidometer 
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The  Soil  Test  (Model  C-221)  consolidometer ,  Figure 
5-^,  does  not  permit  back  saturation  but  did  allow  both 
lower  and  higher  (to  32tsf)  loadings. 

Results  from  the  consolidation  tests  are  summarized 
in  Table  5-7  and  the  pages,  where  the  laboratory  test 
plots  may  be  found,  are  indicated.   Only  in  the  Soil  Test 
consolidometer  tests  was  it  possible  to  determine  the 
constrained  modulus  M  at  the  overburden  pressure  P„. 

Nine  consolidated  undrained  triaxial  tests  were 
performed.   Samples  were  extruded  from  their  liners, 
trimmed  top  and  bottom  enclosed  by  membrane,  accurately 
measured  and  weighed  and  placed  in  the  triaxial  chamber. 
Figure  '^-'j   shows  the  test  set-up,  consisting  of  triaxial 
cell,  load  cell,  recorder  and  voltmeter. 

The  sample  was  then  placed  under  a  vacuum  for  2^ 
hours.   To  prevent  disturbance  of  the  sample,  a  vacuum  of 
-12.7  psi  was  also  applied  to  the  chamber  water.   Thus, 
only  an  effective  confining  pressure  of  2  psi  acted  on  the 
sample.   This  was  necessary  since  most  samples  were  from  a 
depth  where  the  overburden  pressure  was  less  than  14-. 7  psi, 
After  vacuuming,  the  sample  was  back  pressured  to  dissolve 
all  the  remaining  air  in  the  voids.   The  back  pressure  was 
applied  in  very  small  increments  until  a  pore  pressure 
parameter  B  of  one  was  achieved. 

B  =  Au/  Ap 
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Figure  5-^.   The  Soil  Test  (Model  C-221)  Consolidometer 
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Figure  S-S^      The  Triaxial  Test  Apparatus 
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where 

Au  =  change  in  pore  water  pressure 

Ap  =  change  in  confining  pressure 
The  sample's  effective  overburden  pressure  was  then 
applied  and  the  sample  allowed  to  consolidate  for  2^' 
hours . 

The  drainage  line  was  then  closed  and  a  standard, 
constant  rate  of  strain,  undrained  triaxial  test  performed 
with  pore  pressure  measurement  at  the  base.   All  tests 
showed  an  initial  small  positive  pore  pressure  followed 
by  a  large  negative  pressure.   Table  5-8  summarizes  the 
test  results  and  lists  the  pages  on  which  the  stress-strain 
and  pore  pressure-strain  plots  may  be  found.   Results  from 
the  classification  tests  run  on  the  undisturbed  samples 
are  included  in  Table  5-9. 
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CHAPTER  6 
STEREO  PHOTOGRAPHY  STUDY 

6.1   Introduction 
A  laboratory  experiment  was  performed  in  which  a 
dummy  blade,  identical  in  shape  and  size  to  the  piezoblade 
and  dila  Lome  lex-,  was  penelrabed  into  a  conlainei-  ui  dx-y 
sand.   A  technique  of  stereo  photography  was  used  to 
accurately  measure  the  movement  of  the  sand  grains  around 
the  probe.   From  these  displacements  strains  could  be 
calculated.   The  purpose  of  the  experimentation  was  two 
fold: 

A.  To  determine  the  strains  and  thus,  qualitatively, 

the  disturbance  around  this  particular  shape  of  probe. 

B.  To  obtain  a  comparison  of  this  blade's  disturbance 
with  that  previously  determined  around  the  cylindrical- 
cone  shape  of  the  standard  cone  penetration  test  tip. 

Tests  were  performed  in  five  different  density  sands 
using  techniques  and  equipment  identical  to  those  used 
in  the  earlier  cone  tip  studies. 

In  conventional  aerial  stereo  photography  methods, 
two  photographs  of  an  object  are  taken  from  slightly 
different  camera  positions.   The  photographs  are  then 
placed  in  a  stereo  projector  and  the  stereo  image  viewed. 
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This  is  illustrated  in  Figure  6-1.   The  height  of  the 
object  is  due  to  the  difference  in  locations  of  corres- 
ponding points  in  the  two  photographs.   A  similar  stereo 
effect  can  be  achieved  by  fixing  the  camera  and  taking 
two  photographs  of  a  displaced  object.   In  this  case  the 
height  of  the  image  is  a  measure  of  the  displacement  of 
the  object  in  a  direction  parallel  to  the  line  joining 
the  projectors,  Figures  6-2  and  6-3.   The  normal  component 
of  movement  can  be  m.easured  bv  rotatin-'^  the  "ohotop^raTihs 
90  ,  and  the  actual  displacements  calculated  as  the 
vector  sum  of  these  components.   This  technique,  called 
pseudo  stereo  photogrammetry,  was  pioneered  at  the 
University  of  Southampton,  Butterfield  et  al.(1970), 
Andrawes  and  Butterfield  (1973). 

In  the  current  study,  a  dilatometer  shaped  probe  was 
pushed  into  a  container  of  sand,  directly  adjacent  to  the 
one  glass  wall  of  the  box,  Figure  6-4.   Photographs  were 
taken  from  a  fixed  camera,  one  prior  to  penetration  and 
several  at  different  penetration  depths.   By  viewing 
any  two  photographs  in  stereo,  as  illustrated  above,  grain 
movement  could  be  determined  at  any  point  in  the  sand 
against  the  glass  wall. 

6.2   Equipment 
The  equipment  used  in  this  research  is  essentially 
the  same  as  used  in  the  earlier  cone  studies,  Davidson 
(1980a),  Davidson  et  al.  (1981). 
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Figure  6-3.   General  Two-Dimensional  Displacement  (After 
Andrawes,  1976) 
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Figure  6-^.   Probe  Penetrated  in  Sand 
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6.2.1   Container,  Probe  and  Sand 

The  test  container  is  a  wooden  box  with  one  glass 
wall  and  dimensions  of  38  3A"  x  18  l/k"   x  2k",    Figure 
6-5.  A  grid  of  lines  is  scored  on  the  inside  face  of 
the  glass  wall.   The  middle  third  length  has  a  15  nim  x  15mm. 
square  grid  while  the  outer  two-thirds  have  30  mm  x  30  mm 
grids. 

A  solid  dummy  blade  was  machined  with  dimensions 
identical  tc  those  of  the  dilatometsr  and  ""^iezoblade  i   ^t 
was  then  cut  longitudinally  in  half  to  provide  the  probe 
required  for  the  stereo  photography  tests.   A  photograph 
is  included  as  Figure  6-6.   During  a  test  the  probe  is 
pushed  into  the  sand  with  the  flat  cut  surface  against  the 
glass  wall,  by  means  of  a  hydraulic  jack.   Care  must  be 
taken  to  ensure  an  exactly  vertical  insertion  and  that 
the  probe  remains  in  tight  contact  with  the  glass. 

The  sand  used  was  a  new  blend  of  sands  from  the 
Edgar  Plastic  Kaolin  Company.   It  consisted  of  58?^  8/20 
sand,  20^  20/30  sand,  12?^  30/65  sand  and  lO'/o   EGS  sand. 
An  8/20  sand,  for  example,  is  one  in  which  75fo   or  more  of 
the  grains  fall  in  the  range  between  the  number  8  and 
number  20  sieves.   In  the  earlier  cone  research  the  10^ 
fraction  was  MDS70  sand.   This  is  no  longer  manufactured 
and  was  replaced  in  the  current  research  by  the  Edgar  Glass 
Sand  (EGS)  which  has  essentially  the  same  grain  size 
distribution.   Figures  6-7   to  6-10  are  photographs  of 
the  various  sand  components.   The  uniformity  coefficient 
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Figure  G-6.      Stainless  Steel  Dilatometer  Probe 
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Figure  6-?.   8/20  Edgar  Sand 


106 


Figure  6-8.   20/30  Edgar  Sand 
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Figure  6-9.   30/65  Edgar  Sand 
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Figure  6-10.   Edgar  Glass  Sand 
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of  the  current  blend  is  6.36  as  compared  to  6.66  for  the 
earlier  mixture.   Grain  size  distribution  curves  of  the 
components  and  the  blend  are  included  in  Appendix  F,  pages 
289  to  293. 

6.2.2  Camera  and  Film 

The  camera  used  in  this  research  was  a  B  &  J  Orbit 
view  camera  with  a  standard  back  which  takes  ^"  x  3" 
plate  holders.   The  lens  was  an  Ilex  Paragon  5-5"t    f 22-32 
and  the  exposure  time  used  was  0.5   seconds.   The  camera 
was  located  90  cm  from  the  glass  wall  in  all  tests.   The 
test  set-up  is  shown  in  Figure  6-11. 

The  photographic  plates  used  were  composed  of 
Ektachrome  50  Professional  Film  (Tungsten)  with  a  32  ASA 
emulsion  speed. 

6.2.3  Stereo  Plotter 

For  analysis  of  each  pair  of  photographs  a  Fotocati- 
grafo  Nistri  Model  VI  projection  anaglyphic  plotter  was 
used,  Figure  6-12.   This  employs  the  anaglyph  principle 
of  projecting  light  of  two  complimentary  colors,  red  and 
blue-green,  to  create  the  stereo  image.   The  two  photo- 
graphs are  projected  onto  a  white  platen.   This  is  viewed 
through  glasses  with  one  red  and  one  blue-green  lens. 
Each  eye  sees  only  one  photograph  with  the  result  that  a 
stereo,  three  dimensional,  image  is  percieved. 

Since  the  grid  scored  on   the  glass  does  not  move, 
it  is  used  as  a  datum  plane.   Movement  of  the  sand  adjacent 
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Figure    6-11.      Test   Set   Up 
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Figure  6-12.   Double  Projector  Anaglyphic  Plotter 
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to  the  glass  results  in  a  stereo  image  of  hills  and/or 
valleys  relative  to  the  grid.   The  floating  dot  method 
is  used  to  measure  image  heights.   The  dot,  which  appears 
to  be  floating  in  space,  is  moved  vertically  by  raising 
or  lowering  the  platen,  Figure  6-I3.   First,  the  dot  is 
placed  on  a  grid  node  point,  then  on  the  sand  at  the 
node  point  which  may  appear  above  or  below  the  grid. 
It  is  usually  easier  to  place  the  dot  on  the  sand  surface 

■iv^     p     Tr-ilTQ-ir         oi^     VitITo     urQvo      iiciiciTI-^r     oVica  nxro  r\      t  ni-  n     irnll  pi  Arc; 
j.ii     c*.      .oc^^-^j,      ^  -^     i-.x_^j.^      ..„^s,      .iw— w..-._j,      — -o ■ -  >j  ~ 

by  switching  the  lenses  in  the  stereo  glasses.   The 
difference  in  the  two  readings  taken  is  the  image  height, 
which  is  related  to  the  sand  movement  at  that  node  point 
in  the  direction  joining  the  projectors.   As  noted  earlier, 
photographs  are  rotated  90   to  achieve  the  normal  component 
of  movement. 

6.3   Testing  Procedures 
The  procedures  followed  in  the  current  research  for 
sand  placement,  blade  penetration  and  photograph  inter- 
pretation were  identical  to  those  of  the  earlier  cone 
studies  and  are  only  briefly  described  in  this  dissertation. 

6.3.1   Sand  Placement 

Tests  were  performed  at  five  different  densities 
obtained  by  different  levels  and  types  of  mechanical 
compaction.   They  were  designated  very  loose,  loose, 
medium,  dense  and  very  dense.   The  procedures  used  to 
fill  the  container  were 


113 


B 
0 
m 
m 
< 

C 

0) 

+^ 
nS 

r-{ 
(h 

1 
-H 

C 
•H 

O 
fl. 

^H 

Q) 
O 


I 

u 

§) 

•H 


11^ 

Test  1:   Very  Loose  (density  107.7  pcf) 
Sand  placed  carefully  and  slowly  using  a  3/^"  funnel 
held  1  to  2  inches  above  the  surface.   Total  weight  of 
sand  was  1031  pounds. 

Test  2:   Loose  (density  110.3  pcf) 
Sand  placed  quickly  using  a  '3A"  funnel  held  5  to  7 
inches  above  the  surface.   Total  weight  of  sand  was  IO56 
pounds. 

Test  3:   Mediuiri  (denisiiy  115.^  pcf) 
Sand  placed  quickly  in  four  inch  lifts  using  a  3A" 
funnel  held  5  to  7  inches  above  the  surface.   Each  lift 
was  compacted  with  one  pass  of  a  mechanical  compactor, 
Figure  6-1'^.   Total  weight  of  sand  was  II05  pounds. 

Test  ^:   Dense  (density  118.6  pcf) 
Sand  placed  quickly  in  four  inch  lifts  using  a  3A" 
funnel  held  5  to  7  inches  above  the  surface.   Each  lift 
was  compacted  with  five  passes  of  the  mechanical  compactor, 
Total  weight  of  sand  was  1135  pounds. 

Test  5:   Very  Dense  (density  126. i^  pcf) 
Sand  placed  quickly  in  four  inch  lifts  using  a  3A" 
funnel  held  5  to  7  inches  above  the  surface.   Each  lift 
was  compacted  with  two  passes  of  a  small  vibrating  compac- 
tor, Figure  6-1^,  held  at  each  position  for  10  seconds 
and  one  pass  of  the  mechanical  compactor.   Total  weight 
of  sand  was  1210  pounds. 
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Figure  6-14- . 


Compaction  Equipment.   Left-Vibratory 
Compactor.   Right-Constant  Energy. 
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6.3 '2.      Blade  Penetration 

A  photograph  of  the  test  set  up  was  included  as 

Figure  6-11.   The  camera  was  fixed  to  a  weighted  table 

and  in  all  tests  was  located  in  exactly  the  same  position. 

The  first  test  photograph  was  taken  of  the  undisturbed 

sand  prior  to  blade  insertion.   The  blade  was  then 

penetrated  into  the  sand,  adjacent  to  the  glass  wall, 

using  a  small  hydraulic  jack,  Figure  6-15 .   Further 

"OhotOiira'Dhs    we'^°    +a^Von    a-t-    r\T  ■Ffar'ori±    np np-hr>?i±i  on    rienth??  . 

\ 

e.g.,  Figure  6-^.   Two  spotlights  were  used  to  brightly 
illuminate  the  sand. 

6.3.3   Parallax  Measurements 

The  first  (undisturbed  sand)  and  last  (final  penetra- 
tion) photographs  for  each  test  were  viewed  in  the  stereo 
plotter  to  determine  the  sand  grain  movement  around  the 
penetrated  blade.   Copies  of  these  10  photographs  for 
the  5  tests  are  included  in  Appendix  F,  pages  29^■   to  298  . 
The  grid  scored  on  the  glass  wall  was  numbered  as  shown  in 
Figures  6-I6  and  6-17  for  the  purpose  of  data  recording 
and  computer  reduction.   There  were  II56  elements  and  123^ 
node  points,  i.e.,  intersection  or  corner  points.   Readings 
were  not  made  at  all  123^  points  but  only  on  one  side  of 
the  symmetrical  probe  and  to  an  extent  where  movements 
were  discernible . 

Photographs  were  first  viewed  to  determine  the 
horizontal  components  of  movement,  called  x-parallax. 
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They  were  then  rotated  90  and  the  y-parallax  viewed  to 
obtain  the  vertical  movement  components.   Two  readings 
were  taken  at  each  node  point.   First,  the  floating  dot 
v/as  placed  on  the  grid,  then  on  the  apparent  cand  surface. 
If,  when  viewing  x-parallax,  there  is  at  the  point  consider- 
able y-parallax,  it  may  be  impossible  to  obtain  the  second 
reading.   Mortensen  (1979)  introduced  the  technique  of 

mnvi  np-    ±hp    hT  up-PT'een    r)irn  ie^r.t.mr    ±n    -hhp    -vr- H i -rp r> +. i  n n    ±r\ 

eliminate  the  y-parallax.   This  does  not  affect  the 
x-parallax  reading. 

6.^   Scale  Determination,  Displacements  and  Strains 

6.^^.1   Scales 

Procedures  for  determining  the  relationships  between 
camera-model  and  projector-stereo  image  were  defined  by 
Barreiro  (1978) .   The  final  equation  relates  parallax 
measurement  to  actual  displacement  in  millimeters.   The 
variables  used  in  the  analysis  are  defined  below  and  in 
Figure  6-18. 

AX  models  actual  motion 
AX'  motion  recorded  on  film 
AX"  apparent  projected  motion 
Y  any  known  distance  in  the  model 

Y'  this  known  distance  as  it  appears  in  the  projected 
image 
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iLHotion  in  model 


iX'  (motion  in  photo) 


film  plane 


camera   lens 


projector   lens 


appdrent 
datum 


Figure  6-18.   Camera  -  Model  and  Projector-Stereo  Image 
Relationships  (After  Davidson,  1980a) 
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i    image  length  of  the  camera  lens  (assumed  equal 

to  the  focal  length  of  the  camera  lens) 
D   distance  from  camera  lens  to  the  model 
f"   focal  length  of  projector  lens 
A   distance  from  projector  lens  to  apparent  datum, 

the  table 
B   distance  separating  the  two  projectors 
h   apparent  height  observed  in  stereo  image, 

slides. 

The  assumption  that  the  image  length  (i)  is  equal 
to  focal  length  (f)  allows  the  motion  of  the  particles 
in  the  photographic  slides  to  be  defined. 

AX'  =  AX(f/D)  (6-1) 

By  similar  triangles  (1-2-5  and  1-3-^)  in  Figure  6-18 
the  apparent  projected  motion 

aX"  =  AX' (A  -  Ah)/f"  (6-2) 

Also  using  similar  triangles  (6-7-1  and  3-^-7) 

Ah  _  Mil  _  ,  AX'(A  -  Ah)/f'\  ,.    ^s 

A     B  ~  ^       B      ^  ^°"^^ 

Substituting  equation  (6-1)  into  equation  (6-3) 

Ah  _  AX(f/D)(A  -  Ah)  (,    .s 

T  -  f"B  ^^-^^ 

Solving  for  AX,  the  actual  motion  in  the  model 
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^^  "  A.f(A  -  Ah)  ^^-^^ 

The  projected  distance  Y'  can  be  expressed  in  terms  of 
the  actual  distance  Y 

Y'  =  Y(f/D)(A/f")  (6-6) 

A  scale  ratio  (K)  can  be  defined  as 

K  =  (Y'A)  =  (f/D)(A/f")  {6-7) 

Solving  for  AX  in  equation  (6-^) 

AX  =  (D/f)(f"/A)(f^)  (6-5a) 

Putting  K  from  equation  (6-7) into  equation  (6-5a) 

AX  =  (1/K)(|^)  (6-8) 

The  platen  tracer  dial  assembly  can  accomodate  various 
gears  with  different  gear  ratios.   In  this  research,  gears 
were  chosen  to  provide  a  1:750  ratio,  giving  each  division 
on  the  dial  assembly  equivalent  to  0.1  foot  of  real 
elevation.   Below  are  the  equations  utilized  to  calculate 
Ah. 

Ah(mm)  =  (I^Min|_lzreadin^)(^2  in./ft . )  (25-^  mm/in.) 

(6-9) 

Ah(mm)  =  reading  (0.0^06^)  (6-10) 
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In  the  denominator  of  equation  (6-8),  Ah  was  assumed 
negligible  compared  to  the  measured  distance  A.   Thus 
equation  (6-8) becomes 

AX  =  (l/K)(B/A)Ah  (6-11) 

The  following  distances  were  measured: 

A  =  89.90  cm 
B  =  33.50  cm 
Y  =  ij.5.38  cm 
Y'=  41.90  cm 

Solving  for  K  from  equation  (6-7) 

K  =  (Y'/Y)  =  ^|y|§  =  0.92331^ 

Putting  the  values  for  K,  A,  B,  and  Ah  into  equation  (6-11) 

^  =  0.9233l4^i9t9§^^Q'°^°^^^^^^^^^^g 
so 

AX  =  ( .016402 )Areading  (6-12) 

Equation  (6-12)  is  used  to  determine  the  actual 
displacement  at  each  node  point  in  the  model  in  millimeters, 
given  the  difference  in  readings  taken  from  the  stereo 
image . 
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6.^.2  Displacements 

The  actual  horizontal  and  vertical  displacements 
at  each  node  point  were  calculated  using  equation  (6-12). 
The  resultant  displacement  D  was  then  found  using  the 
equation 

D  =  (U^  +  W^)*  (6-13) 

where 

U  =  horizontal  displacement 

W  =  vertical  displacement 
The  angle  which  the  displacement  D  makes  with  the  horizontal 
is  given  by 

a  =  tan"-'-(w/U)  (6-1^) 

6.A-.3  Volumetric  Strain 

The  computer  program  developed  by  Barreiro  (1978) 
for  reduction  of  the  data,  computes  normal  strains,  shear 
strains,  volumetric  strains,  and  density  changes.   In  this 
research  only  the  volumetric  strains  were  used. 

where 

^  volumetric  strain 

V 

Av    change  in  volume 
V    original  volume 
For  the  axisymmetrical  pattern 
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(6-16) 


e   =  A'  -  A 
V     A 


A'    new  deformed  area 

A    original  area 
The  deformed  area  of  each  element  was  calcula-ted  knowing 
the  resultant  displacements  of  the  four  corner  node  points. 
Volumetric  strains  are  presented  as  percentages  and  with 
compression  defined  as  positive. 

6,5     Analysis  of  Stereo  Photography 
The  X-  and  y- parallax  readings  from  the  five  tests 
were  punched  onto  cards,  along  with  the  corresponding 
node  point  numbers,  and  used  as  input  for  the  computer 
reduction  program.   The  outputs  of  interest  were  the 
displacement  magnitudes  (D)  and  directions  ( ot)  of  the  sand 
movement  at  each  node  point  and  the  volumetric  strains 
(^  )  for  each  element.   Some  typical  computer  output  is 
included  in  Appendix  F.   The  displacements  at  each  node 
point  were  plotted  to  scale  and  contours  of  volumetric 
strain  drawn,  Figures  6-20  to  6-2^,   The  corresponding 
five  figures  for  the  cone,  from  Davidson  (1980a),  are 
also  included  in  Appendix  F  on  pages  299  to   303. 

6.5.1   Very  Loose  Sand   (Figure  6-I9) 

All  displacements  were  to  the  right  and  down  away 

from  the  probe.   The  entire  stereo  image  appeared  as  a 

large  valley  for  both  x-  and  y-parallaxes.   The  effects 
of  displacement  were  measurable  laterally  to  a  distance 
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of  80  millimeters  from  the  edge  of  the  probe  and  to  a 
distance  of  70  millimeters  from  the  tip  of  the  probe. 
The  maximum  displacement  in  the  flat  area  of  the  probe  was 
about  three  millimeters. 

The  observed  volumetric  strains  were  all  positive 
(compression)  except  at  the  very  tip  of  the  probe.   The 
contours  showed  a  quite  uniform  change  in  strain  along  the 
probe . 

6.5.2  Loose  Sand   (Figure  6-20) 

In  the  loose  sand,  the  displacements  were  also  all 
to  the  right  and  downward.   This  was  evident  from  viewing 
the  stereo  image,  which  showed  a  large  valley  area.   The 
maximum  outward  movements  were  to  a  distance  of  100 
millimeters  from  the  edge  of  the  probe  and  downward  to  a 
depth  of  100  millimeters  below  the  tip.   The  magnitude  of 
maximum  displacement  along  the  flat  area  of  the  probe  was 
2.2  millimeters. 

As  in  the  very  loose  test,  the  volumetric  strain  at 
the  tip  showed  some  negative  values  (expansion) .   The 
contours  of  the  volumetric  strain  were  uniform  and  the 
effect  of  densification  became  smaller  with  distance  from 
the  probe . 

6.5.3  Medium  Sand   (Figure  6-21) 

The  x-parallaxes  for  the  medium  soil  were  all  positive, 
i.e.,  all  displacement  to  the  right.   This  was  obvious  from 
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the  large  valley  present  in  the  stereo  image.   The 
y-parallaxes  were  both  positive  and  negative.   The  soil 
adjacent  to  most  of  the  probe  showed  as  a  hilly  region 
indicating  upward  movement.   However,  very  close  to  the 
tip,  valleys  were  viewed  indicating  a  downward  movement. 
The  outward  movements  were  'measurable  to  a  distance  of 
110  millimeters  from  the  edge  of  the  probe,  and  downward 
movement  to  a  depth  of  70  millimeters  from  the  tip.   The 
maximum  displacements  were  of  the  order  of  two  millimeters 
and  decreased  with  distance  from  the  probe. 

The  contours  of  volumetric  strain  showed  two  negative 
(expansion)  zones,  one  near  the  top  of  the  probe  and  one 
adjacent  to  the  tip,  where  the  y-parallaxes  changed 
direction.   The  contours  showed  a  fairly  uniform  change 
in  volumetric  strain  along  the  flat  part  of  the  probe . 

6.5.^  Dense  Sand   (Figure  6-2  2) 

As  in  all  the  tests,  the  x-parallaxes  were  again 
positive,  indicating  movement  to  the  right.   The  parallax 
reading  in  the  y-direction  again  showed  hills  adjacent 
to  most  of  the  probe  and  valleys  near  the  tip. 

The  outward  movement  was  measurable  to  a  distance 
of  160  millimeters  from  the  edge  of  the  probe  and  downward 
to  a  depth  of  90  millimeters  below  the  tip.   The  maximum 
node  point  movement  in  the  flat  area  of  the  probe  was 
3.6  millimeters. 
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The  contours  of  volumetric  strain  showed  negative 
(expansion)  values  at  and  adjacent  to  the  tip.   A  negative 
zone  also  exists  at  about  90  millimeters  from  the  probe. 
The  contours  in  the  flat  area  of  the  probe  showed  uniform' 
change  of  volumetric  strain. 

6.5.5  Very  Dense  Sand   (Figure  6-23) 

The  stereo  viewing  showed  all  x-parallaxes  positive 
indicating  movement  to  the  right,  y-parallaxes  were 
positive  over  most  of  the  probe  and  negative  below  the 
tip.   Displacements  were  measurable  to  a  distance  of  I70 
millimeters  from  the  edge  of  the  probe  and  to  a  depth  of 
110  millimeters  below  the  tip.   The  magnitude  of  maximum 
displacement  at  the  flat  area  of  the  probe  was  five 
millimeters  and  decreased  with  distance  from  the  probe. 

The  contours  of  volumetric  strain  show  four  negative 
(expansion)  zones,  close  to  the  flat  area  of  the  probe, 
adjacent  to  the  probe  at  the  ground  surface,  below  and 
adjacent  to  the  tip.   Some  negative  values  were  also 
observed  at  about  120  millimeters  from  the  probe.   The 
contours  showed  uniformity  of  strain  changes  in  the 
middle  of  the  flat  area. 

6.6  Comparison  of  the  Dilatometer  and 
Cone  Penetration  Test  Probes 

Since  identical  soils  and  compaction  techniques 

were  used,  the  current  research  allows  a  comparison  to  be 

made  between  the  soil  behavior  around  a  cone  penetration 
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Figure  6-23.   Plots  of  Displacement  and  Volumetric  Strain 
for  Very  Dense  Sand 
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test  tip  and  a  Marchetti  dilatometer  or  piezoblade.   The 
displacement  vector  and  volumetric  strain  contour  plots 
for  the  dilatometer  are  in  Figures  6-19  to  6-23  while  the 
corresponding  plots  for  the  cone  are  in  Appendix  F,  pages 
299  to  303. 

Displacements  near  the  top  of  the  dilatometer  are 
very  similar  in  magnitude  and  direction  to  those  of  the 
cone.   In  the  very  loose  and  loose  soils,  displacements 
near  the  surface  are  down  and  away  from  the  probe ,  while 
in  the  denser  soils  they  are  up  and  away.   This  agreement 
is  reasonable  since  the  neck  of  the  dilatometer  has  a  35 
millimeters  diameter  while  the  cone  is  36  millimeters. 

As  the  thickness  of  the  dilatometer  probe  decreases 
the  displacements  also  decrease.   In  the  1^  millimeters 
thick  flat  blade  section  they  are  somewhat  smaller  than 
those  for  the  cone.   At  the  bottom  of  the  probes  the  cone 
with  its  blunter  (60°)  angle  generates  larger  displacements 
than  the  10   angle  dilatometer. 

For  both  probes,  all  displacements  are  downward  in 
the  two  loosest  soils,  while  in  the  medium,  dense  and  very 
dense  samples,  movement  is  downward  near  the  tips  but 
upward  elsewhere.   The  depth  where  the  direction  of 
displacement  changes  is  different  for  the  two  probes.   For 
the  dilatometer  this  point  is  right  at  the  tip.   Only 
soil  below  the  probe  is  pushed  downward.   For  the  cone, 
with  decreasing  density  the  point  of  displacement  direction 
change  rises  up  the  shaft  of  the  probe.   In  the  very  dense 
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sand  it  is  just  above  the  tip,  while  in  the  medium  sand 
it  is  about  two  cone  diameters  above  the  tip.   The  reason 
for  the  differences  in  dilatometer  and  cone  is  that  the 
latter,  with  its  large  tip  angle  and  base  area,  creates 
a  bearing  capacity  type  failure  with  downward  movement 
of  the  soil,  while  the  sharper  dilatometer  penetrates 
more  easily  with  the  soil  sliding  and  shearing  along 
its  faces.   The  lateral  and  downward  extent  of  the  displace- 
ments was  smaller  for  the  dilatometer-  esi^eci?]  ].v  ovpt  the 
flat  middle  section. 

The  volumetric  strain  contours  for  the  dilatometer 
are  much  more  uniform  than  for  the  cone.   Indeed,  the 
contours  show  very  uniform  behavior  near  the  flat  face 
where  both  dilatometer  and  piezoblade  readings  are  taken. 
In  contrast,  for  a  piezocone  with  measuring  device  at  or 
near  the  tip,  the  volumetric  strain  contours  show  great 
irregularities  and  sharp  changes  in  sign  and  magnitude. 

The  overall  impression  from  both  the  displacement 
vectors  and  volumetric  strain  contour  plots  is  that  the 
sharper  tipped,  thinner  dilatometer  penetrates  the  sand 
with  considerably  less  disturbance  than  the  larger  diameter, 
larger  tip  angle  cone. 


CHAPTER  7 
ANALYSIS  AND  DISCUSSION  OF  RFSUTiTS 

7.1   Introduction 

Piezoblade  tests,  dilatometer  tests  and  cone  penetra- 
tion tests  were  performed  at  the  five  sites  described  in 
Chapter  ^.   Disturbed  and  undisturbed  samples  were  also 
obtained  from  the  sites  and  classification,  consolidation 
and  triaxial  laboratory  tests  performed.   This  chapter 
discusses  and  analyzes  the  field  and  laboratory  test 
results . 

7.2   Piezoblade  Results 
Tests  were  performed  at  all  sites  using  the  newly 
developed  piezoblade.   No  difficulties  were  experienced 
with  the  device  during  the  field  testing  program.   An 
unexplained  failure  of  the  pressure  transducer  occurred 
in  the  laboratory,  possibly  due  to  dropping  the  blade. 
This  has  not  been  replaced. 

Two  types  of  piezoblade  tests  were  performed,  constant 
penetration  and  incremental  penetration.   In  the  former, 
the  penetration  was  continuous  except  for  the  pauses  to 
attach  additional  drill  rods.   A  continuous  plot  of  pore 
water  pressure  versus  depth  was  output.   In  the  incremental 
test,  penetration  was  stopped  every  20  cm  and  the  excess 
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pore  water  pressure  allowed  to  dissipate  for  a  short  time. 

7.2.1   Identification  of  HiiSih  Drainage  Layers 

In  highly  pervious  soils,  the  excess  pore  pressures 
generated  during  penetration  dissipate  instantaneously 
and  the  output  plot  obtained  during  a  constant  penetration 
test  is  simply  the  hydrostatic  pressure.   At  all  test  sites 
the  ground  water  level  was  measured  and  the  hydrostatic 
pressure  increased  linearly  with  depth  (=Y,  ,Z,,).   There 

J-  WW 

were  no  complicating  subsurface  conditions  such  as  artesian 
layers  to  affect  this  distribution. 

In  many  piezoblade  soundings  the  pore  pressure  plot, 
which  might  be  higher  or  lower  than  hydrostatic,  would 
then  plot  for  a  distance  on  the  hydrostatic  line,  indicating 
a  highly  pervious  layer  of  that  thickness.   To  substantiate 
this,  nearby  dilatometer  soundings  were  checked.   As  will 
be  shown  in  Section  7.3 '1  the  dilatometer  very  accurately 
defines  soil  type. 

Piezoblade  test  number  one  (PBT-1),  Figure  A-1 ,  shows 
hydrostatic  or  close  to  hydrostatic  readings  from  the 
ground  water  level  at  100  cm  to  120  cm  and  at  380  and 
^80  cm.   Dilatometer  test  number  one  (DMT-1),  Appendix  B 
page  210,  was  performed  two  feet  from  the  piezoblade 
sounding.   It  indicates  sand  to  1^0  cm  and  at  200,  220, 
380,  and  ^80  cm.   Jagged  peaks  towards  the  hydrostatic  line 
at  200  and  220  cm  possibly  indicate  thin  pervious  or  semi- 
pervious  seams. 
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For  PBT-2,  Figure  A-2 ,  the  field  plot  suggests  permeable 
layers  between  210  and  230  cm,  at  620  and  680  cm  and  between 
8^0  and  870  cm.   DMT-2 ,  Appendix  B  page  211  located  two  feet 
away  shows  sand  to  a  depth  of  260  cm,  at  620  and  680  cm  and 
from  800  to  the  end  of  the  sounding  at  86O  cm. 

At  site  number  three,  PBT-^',  Figure  A-^,  shows  hydro- 
static pressure  to  330  cm  and  at  98O  cm.   DMT-4,  Appendix 
B  page  213i  two  feet  away  indicates  sand  to  320  cm,  between 
"^60  and  ^OQ  cm.  and  one  ■^'■?.l''.'e  at  ^^0  cm  which  wgg  not  "oicked 
up  by  the  piezoblade.   PBT-5>  Figure  A-5.  shows  hydrostatic 
to  300  cm  and  at  ^30  cm.   DMT-5,  five  feet  from  the  piezo- 
blade soundings,  gives  sand  to  38O  cm,  at  ^^0  cm  and  from 
8^0  to  the  end  of  the  test  at  88O  cm.   The  piezoblade  was 
not  at  hydrostatic  but  was  trending  towards  it  below  a 
depth  of  850  cm. 

7.2.2  Site  Uniformity 

At  sites  1,  3  and  5.  where  more  than  one  piezoblade 
sounding  was  performed,  the  excess  pore  pressure  versus 
depth  plots  were  compared  to  evaluate  site  uniformity.   As 
discussed  in  the  previous  section,  the  sites  are  all  very 
variable  with  depth,  showing  quite  jagged  plots.   This  is 
also  evident  from  the  dilatometer  test  results  in  Appendix 
B.   To  evaluate  lateral  variability,  the  piezoblade  tests 
for  each  site  were  plotted  together,  Figures  7-1.  7-2,  and 

7-3. 
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Only  at  Site-3»  Figure  7-2,  where  profiles  PBT-^-  and 
PBT-5  were  located  3^  feet  apart,  was  there  any  similarity 
between  plots.   In  each  of  these  profiles  there  are  four 
high  positive  peaks  at  approximately  the  same  depth.   At 
Site-5,  Figure  7-3,  both  profiles  PBT-8  and  PBT-9  were 
entirely  negative  below  I30  cm  but  there  was  no  correspon- 
dence of  peaks.   At  Site- 1  ,  Figure  7-1 1  the  three 
piezoblade  profiles  were  quite  dissimilar.   As  noted  in 
Chantf^r  ij-.  rapid  latpral  site  variatinnc;  ar-ft  f.n    he  expeoteri 
in  this  geologic  region. 

7.2.3  Excess  Pore  Pressure  Dissipation  Versus  Soil  Type 

In  the  six  incremental  piezoblade  soundings,  penetration 
was  stopped  every  20  cm  and  the  excess  pore  pressures 
allowed  to  dissipate  for  at  least  one  minute.   From  the 
closest  dilatometer  test  sounding  values  of  Ij^,  the 
material  index,  were  found  for  the  same  20  cm  depth  incre- 
ments.  Table  7.1  lists  all  the  relevant  data;   site 
number,  piezoblade  sounding  number,  dilatometer  test 
number,  depth,  value  of  I   from  the  DMT  and  percent  dissipa- 
tion of  the  excess  pore  water  pressure  after  one  minute  from 
the  PBT.   The  one  minute  was  chosen  as  this  is  approximately 
the  time  required  from  penetration  stop  to  completion  of  the 
dilatometer  readings. 

Figures  7-^   and  7-5   are  respectively  a  plot  of  1^   and 
log  dp)  versus  percent  dissipation  of  the  excess  pore 
water  pressure.   Both  figures  clearly  illustrate  the 
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Table  7-1.   Percent  Dissipation  of  Excess  Pore  Pressure  in 
PBT  After  One  Minute 


Site 

No. 

PBT 
No. 

DMT 
No. 

Depth 
(m) 

^D 

fo   Dissipation 
After  One  Minute 

2 

6 

3 

l.ifO 

1.60 

1.80 
2,  no 
2.20 

2.^0 
2.60 
2.80 
3.00 

3.20 

1.22 
1.27 

1.10 
1  .27 
1.62 
0.95 
0.99 
0.98 
2.15 
1.^7 

76 
23 

56 

23 
16 
23 
16 

22 

k 

7 

6 

1.00 
1.20 

1.6o 

^.77 
8.03 
2.51 
2.88 

100 
100 

9^ 
72 

5 

8 

7 

0.80 
1.00 
1.20 

7.67 
1.^3 
1.52 

100 

100 

59 

1^5 


Table   7-1.       (Continued) 


Site 
No. 

PBT 
No. 

DMT 
No. 

Depth 
(m) 

^D 

%   Di! 
After 

ssipation 
One  Minute 

5 

8 

7 

1.40 
1.6o 
1.80 
2.00 
2.20 
2.^0 
2.60 
2.80 
3.00 
3.20 

3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 

1.43 

1.33 
2.11 
1.12 

1.51 
0.67 
0.76 
1.45 
1.18 
1.34 
0.83 
1.59 
1.36 
0.92 
0.77 

100 

34 

85 

9 

13 
16 
12 
28 

15 
22 

13 
21 
14 
10 
4 

li^6 


Table    7-1.       (Continued) 


Site 
No. 

PBT 
No. 

DMT 
No. 

Depth 
(m) 

^D 

%Di! 
(^fter 

ssipation 
One  Minute 

5 

8 

7 

il-.SO 

0.73 

7 

5 

9 

8 

1.20 
1.^0 
1.60 
1.80 
2.00 
2.20 
2.^0 
2.60 
2.80 
3.00 
3.20 

3.^0 
3.60 
3.80 

i|-.00 
^.20 

8.06 
10.81 

9.63 

1.60 

1.55 
0.61 

0.^0 

0.69 
0.58 

0.^1 

0.17 

0.85 
0.46 

0.57 
0.97 

100 

100 

100 

52 

23 
12 

7 

10 
8 
7 

^' 

6 

13 
^■ 
6 

17 

1^7 


Table   7-1.      (Continued) 


Site 

No. 

PBT 
No. 

DMT 
No. 

Depth 
(m) 

^D 

%   Dissipation 
After  One  Minute 

5 

9 

8 

4.60 
4.80 

5.00 

1.06 
1.03 
1.63 

12 
11 
13 

5.20 

0.99 

\ 

12 

5.40 

0.91 

13 

5.60 

0.90 

6 

5.80 

1.15 

9 

1 

11 

11 

1.20 

1.40 
1.60 
1.80 
2.00 
2.20 
2.40 
2.60 
2.80 

2.83 
3.52 
1.76 
1.08 
1.54 
1.38 
1.03 

1.16 

100 
82 
38 
18 
17 
17 
11 

10 

lij-S 


Table   7-1.      (Continued) 


Site 
No. 

PBT 
No. 

DMT 
No. 

Depth 
(m) 

^D 

%   Di 
After 

ssipation 
One  Minute 

1 

11 

11 

3.00 

3.20 

3.40 
3.60 

3. 80 

0.77 
1.11 
0.96 
1.11 
0.80 

10 
12 
14 
11 
11 

3 

13 

5 

1.90 
2.10 
2.30 
2.50 
2.70 

10.71 
3.49 
^^.02 
4.60 
4.77 

100 
100 
100 
100 
100 

2.90 
3.10 
3.30 
3.50 

3.97 
3.42 
1.70 
1.85 

100 
100 

100 
100 

1^9 
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relationship  of  increasing  percent  dissipation  with 
increasingly.   In  Chapter  3.  Figure  3-5 f  the  correlation 
between  material  index  1^..  and  soil  type  was  given.   The 
seven  soil  types  from  this  correlation  are  included  in 
Figures  7-^  and  l-t- 

For  sand  (l„  greater  than  3«30)  the  excess  pore 
pressures  dissipated  to  zero  very  quickly.   For  silty  sand 
(I  between  1.80  and  3-30)  the  excess  pore  pressures  had 

/-^ToaiTira+Oi-l      n-p-Vdy^     <-\r>o     Tninil  +o     'h""'     'Ho  +i*roo  n      ^P      o  prl     1  0  0*^  TVio 

higher  the  sand  fraction,  the  greater  the  dissipation. 
For  sandy  silts,  (l„  between  1.20  and  1.80)  the  one  minute 
dissipations  were  between  1?  and  39  percent.   Some  sandy 
silts  however  showed  a  surprisingly  high  percent  dissipation. 
It  was  found  that  these  soils  were  either  overlain  or  under- 
lain (within  20  cm)  by  a  sand  layer  which  would  explain 
the  rapid  dissipation.   Silty  soils  (1^,  between  0.80  and 
1.20)  showed  11  to  1?  percent  dissipation,  clayey  silts 
(ly.  between  0.60  and  0.80)  7  to  11  percent,  and  silty  clays 
(I   between  0.33  and  O.oO)  ^  to  7  percent.   Only  one  clay 
(I  between  0.10  and  0.33)  soil  was  tested  and  it  dissipated 
4%  in  the  one  minute . 

The  percent  dissipation  boundaries  defined  above  and 
determined  from  limited  field  testing  are  included  in 
Figures  7-4-  and  7-5   as  vertical  dashed  lines.   In  actuality 
there  cannot  be  a  gap  as  shown  between  39  and  72  percent. 
Percent  dissipation  must  be  a  continuous  function.   Also 
the  boundaries  within  each  soil  type  would  not  be  vertical 
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but  would  have  a  positive  slope ,  since  increased  coarser 
soil  fraction  results  in  increased  dissipation. 

The  data  show  that  a  dilatometer  test  giving  an  I„ 

value  of  greater  than  3»30.  i.e.,  in  sand,  will  in  general 
be  a  drained  test.   For  I„  less  than  3-30  the  test  is 
probably  only  partially  drained,  Figures  7-^  and  7-5 
giving  the  relationship. 

7.2.^   Initial  Excess  Pore  Pressure  Versus  OCR  and  I^ 

The  dilatometer  test  provides,  at  20  cm  depth  incre- 
ments, a  value  of  material  index,  I„,  which  is  well 
correlated  with  soil  type,  and  a  value  of  the  overconsoli- 
dation  ratio,  OCR.   The  equations  for  calculating  OCR  were 
included  in  Section  3 '2. 3'   This  section  compares  the 
initial  excess  pore  water  pressures  from  incremental 
piezoblade  soundings  with  soil  tjrpe  and  OCR  values  from 
neighboring  dilatometer  soundings. 

Table  7-2  lists  the  data;   piezoblade  sounding  number, 
dilatometer  test  number,  I„  and  OCR  from  the  DMT  and 
initial  excess  pore  water  pressure  from  the  PBT,  while 
Figures  7-6  to  7-10  are  plots  of  initial  excess  pore 
pressure  versus  overconsolidation  ratio  for  the  different 
soil  types. 

From  Figure  7-^   it  can  be  seen  that  for  all  sands 
and  silty  sands  tested  (l„  greater  than  1.8)  the  piezoblade 
penetration  produced  positive  excess  pore  water  pressures 


153 


Table  7-2.   Penetration  Excess  Pore  Pressures  in  Different 
Soils 


PBT 
No. 

DMT 
No. 

Depth 
(m) 

^D 

OCR 

AU 
(PSI) 

1 

1 

2.00 

2.57 

5^.  ^5 

+9.87 

1 

1 

2.20 

2.26 

91.^5 

+22.15 

1 

1 

3.20 

1.88 

28.0^ 

+51.02 

1 

1 

^.80 

2.25 

93.92 

+M.17 

2 

2 

1.6o 

2.5^1- 

>100.00 

+1^.3^ 

2 

2 

1.80 

2.30 

>100.00 

+10.1^3 

2 

2 

2.00 

2.85 

>100,00 

+8A^- 

2 

2 

2.20 

2.68 

>100.00 

+1.29 

2 

2 

2.^0 

2.55 

63.09 

+^3.00 

^■ 

i<- 

3.00 

3.29 

22.02 

0 

^ 

il- 

3.60 

2.02 

7.58 

+8.^4-^ 

^ 

if 

3.80 

1.83 

5.36 

0 

5 

5 

2.ifO 

2.89 

10.^3 

0 

5 

5 

3.20 

3.08 

20.32 

0 

5 

5 

3.^0 

3.2^ 

23.33 

+6.-^5 

5 

5 

3.6o 

3.09 

31.^5 

+6.15 

5 

5 

3.80 

3.16 

32.09 

+25.30 

5 

5 

^'.^'0 

2.^3 

8.08 

-2.98 

11 

11 

1.20 

2.ij-0 

>100.00 

+20.60 

11 

11 

1.^0 

2.52 

>100.00 

+90.61 

11 

11 

^'.3o 

2.35 

39. M 

+  .05 

12 

10 

1.60 

1.89 

76.78 

+28.15 

15^ 


Table    7-2.       (Continued) 


PBT 
No. 

DMT 

No. 

Depth 

(m) 

^D 

OCR 

AU 
(PSI) 

1 

1 

1.60 

1.76 

71.05 

+61^.71 

1 

1 

1.80 

1.58 

59.51 

+73.01 

1 

1 

Z.'^O 

1.^3 

58.^6 

— 

1 

1 

2.60 

1.39 

37.^9 

-8.13 

1 

1 

3.00 

1.55 

36.i|'0 

-^.13 

1 

1 

3.60 

1.56 

33.90 

+22.73 

1 

1 

^.6o 

1.57 

76.59 

+M.^5 

1 

1 

5.00 

1.66 

66.71 

+11.31 

2 

2 

3.^0 

1.57 

58.3^ 

-9.26 

2 

2 

t^Ao 

1.38 

>100.00 

-16.12 

2 

2 

4-. 60 

1.33 

90.51 

-16.69 

2 

2 

^.80 

1.21 

33.^6 

-15.5^ 

^ 

i^ 

^.60 

l.ii-9 

8.50 

-1^.98 

^ 

if 

5.00 

1.58 

13.00 

-13.55 

li- 

if 

6.20 

1.26 

6.96 

-11.82 

5 

5 

^.00 

1.27 

^.87 

-7.82 

5 

5 

^.20 

1.20 

^.05 

-5.27 

5 

5 

5.80 

1.^5 

7.92 

-13.25 

6 

3 

1.^0 

1.22 

>100.00 

-6.^9 

6 

3 

1.6o 

1.27 

>100.00 

-10.20 

8 

7 

1.^0 

1.^3 

29.22 

-9.57 

8 

7 

1.60 

1.35 

18.35 

-10.13 
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Table    7-2.       (Continued) 


PBT 
No. 

DMT 
No. 

Depth 
(m) 

^D 

OCR 

AU 
(PSI) 

8 

7 

1.20 

1.52 

17.3^ 

+11.58 

8 

7 

2.20 

1.32 

>100.00 

-15.28 

8 

7 

2.ij-0 

1.51 

29.79 

-15.56 

8 

7 

3.^0 

1.3^ 

66.27 

-16.69 

8 

7 

3.80 

1.59 

>100.00 

-13.83 

8 

7 

i^.OO 

1.36 

99.00 

-16. M 

9 

8 

1.80 

1.60 

37.^6 

-13.35 

9 

8 

2.00 

1.55 

>100.00 

-5.06 

11 

11 

1.6o 

1.76 

>100.00 

+6.03 

1 

1 

2.80 

1.0^ 

^1.26 

-11.27 

2 

2 

3.60 

0.86 

35.63 

-10.^1 

2 

2 

1^.00 

0.99 

39.39 

-15.27 

li 

i]. 

5.20 

1.00 

5.75 

-13.26 

^ 

i^ 

5.'^o 

1.07 

7.20 

-11.83 

^ 

i^ 

5.60 

0.98 

8.21 

-11.83 

ij. 

^■ 

6.00 

1.15 

ij'.83 

-12.69 

il- 

^ 

6.^0 

0.99 

3.^9 

-12.11 

^ 

^ 

6.80 

1.11 

k.96 

-12.67 

i^ 

ii- 

7.00 

1.16 

3.^9 

-10.39 

5 

5 

5.00 

0.86 

^.35 

-2.^1 

5 

5 

5.20 

0.82 

6.60 

-2.i^0 

5 

5 

5.^0 

0.8^ 

5.83 

-7.55 
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Table    7-2.       (Continued) 


PBT 
No. 

DMT 
No. 

Depth 
(m) 

^D 

OCR 

AU 
(PSI) 

5 

5 

6.00 

0.92 

^.^7 

-12.69 

5 

5 

6.20 

0.91 

5.82 

-8.68 

5 

5 

6.1^0 

1.03 

i<-.23 

-10.^0 

5 

5 

6.80 

0.96 

^.58 

-12.11 

5 

5 

7.00 

1.0^ 

3.^1 

-11.82 

8 

7 

2.00 

1.12 

39.03 

-l6.i^2 

8 

7 

3.20 

1.18 

63.09 

-15.55 

8 

7 

3.60 

0.83 

>100.00 

-1^.98 

8 

7 

^.20 

0.92 

>100.00 

-13.83 

9 

8 

3.60 

0.85 

32.70 

-15.05 

9 

8 

^.20 

0.97 

50.58 

-11.90 

9 

8 

^.^0 

1.17 

.  ^^.^8 

-10.19 

9 

8 

^.60 

1.06 

76.68 

-11.90 

9 

8 

i^.BO 

1.03 

90.38 

-10.75 

11 

11 

2.i^0 

1.03 

50.66 

-12.82 

11 

11 

2.60 

0.97 

^2.30 

-11.67 

11 

11 

2.80 

1.16 

^9.96 

-11.10 

11 

11 

3.20 

1.11 

^0.60 

-11.95 

11 

11 

3.^0 

0.96 

22.^7 

-12. 2i^ 

11 

11 

3.60 

1.11 

30.27 

-13.38 

2 

2 

3.80 

0.66 

28.06 

-9.26 

2 

2 

5.00 

0.78 

29.17 

-2.97 
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Table    7-2.       (Continued) 


PBT 
No. 

DMT 
No. 

Depth 
(m) 

^D 

OCR 

AU 
(PSI) 

3 

3 

3.80 

0.70 

57.63 

-9.05 

3 

3 

6 .  00 

0 ,66 

13.30 

-9.75 

3 

3 

6.20 

0.62 

12.95 

-13.60 

3 

3 

6.^■o 

0.79 

10.75 

-13.59 

3 

3 

6.60 

0.73 

8.5^ 

-13.60 

i|. 

1, 

-r 

r-       O  r\ 

^     r>r\ 

•4  0       t  < 

i^- 

ij- 

6.6o 

0.69 

3.96 

-12.i^2 

5 

5 

5.60 

0.80 

5.15 

-8.69 

8 

7 

2.60 

0.6? 

20.78 

-1^^.13 

8 

7 

2.80 

0.76 

19.7^ 

-13.8^ 

8 

7 

l^AO 

0.77 

67.33 

-19.68 

8 

7 

^'.6o 

0.62 

^^.11 

-20.12 

8 

7 

^.80 

0.73 

36.61 

-21.11 

9 

8 

2.20 

0.61 

13.29 

-7.06 

9 

8 

2.60 

0.68 

17.3^ 

-5.92 

11 

11 

3.00 

0.77 

-^2.83 

-11.10 

11 

11 

3.80 

0.80 

25.88 

-12.81 

11 

11 

5.80 

0.6? 

15.65 

-11.10 

12 

10 

2.80 

0.77 

1^.^7 

-10.8^ 

12 

10 

3.20 

0.7^ 

18.62 

-10.8^4- 

12 

10 

3.^0 

0.73 

23.38 

-10.56 

12 

10 

^.60 

0.76 

30.00 

-13.69 
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Table    7-2.       (Continued) 


PBT 
No. 

DMT 
No. 

Depth 
(m) 

^D 

OCR 

AU 
(PSI) 

3 

3 

5.^0 

o.if3 

18.18 

-11.61 

3 

3 

5.60 

0.57 

1^.61 

-11.32 

5 

5 

6.60 

0.59 

i^.36 

-10.39 

9 

8 

2.^0 

0.^9 

19.71 

-8.20 

9 

8 

2.80 

0.5.8 

16.31 

-11.3^ 

9 

8 

3.00 

0.^1 

16.09 

-3.92 

9 

8 

3.20 

0.17 

20.26 

-1^.77 

9 

8 

3.^0 

oAk 

25.00 

-m-AQ 

9 

8 

3.80 

oA6 

3^.85 

-13.33 

9 

8 

i|-.00 

0.57 

33.^2 

-1^.77 

12 

10 

3.00 

0.^5 

16.65 

-11.13 

12 

10 

3.80 

0.56 

25.26 

-9.69 

12 

10 

^.20 

0.52 

28.82 

.    -7.-^0 

12 

10 

l^.k-0 

0.58 

29.92 

-10.55 

12 

10 

^.80 

0.59 

35.8^ 

-11.^0 

12 

10 

5.00 

0.57 

18.59 

-11.^0 

12 

10 

5.20 

0.52 

23.8^ 

-11.39 

12 

10 

5.^0 

0.58 

17.11 

-12.11 
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Figure  7-6.   Penetration  Excess  Pore  Pressure  Versus  OCR 
for  Sand  and  Silty  Sand 


l6o 
even  for  very  high  overconsolidation  ratios.   For  sandy 
silts  (Ij-,  between  1.2  and  1.8),  Figure  1-1,    if  I^^  was 
less  than  1.5  the  generated  excess  pore  pressures  were 
negative  at  least  for  all  OCR's  greater  than  ^  (the  only 
cases  available).   For  I^^  greater  than  1.6  the  excess  pore 
pressures  were  positive  for  all  values  of  overconsolidation 
ratio  (as  in  the  sands  and  silty  sands).   In  the  range  1.5 
to  1.6  both  positive  and  negative  pressures  were  found. 
Figure  7~u  shows  the  ua.ta  plutted  fur  t.ilo.   Iii  ctll  caaea, 
i.e.,  0CR>3.^,  the  generated  excess  pore  water  pressures 
were  negative.   The  OCR  values  plotted  on  this  figure,  with 
the  scale  0  to  100,  are  those  calculated  from  the  Marchetti 
correlation. 

OCR  =  (0.5  K^)^-^^  (3.9) 

As  will  be  described  in  Section  7.3«2  a  better  correlation 
for  the  Florida  soils  tested  is 

OCR  =  (0.372  Kj^)-""'^ 

This  scale  is  also  included  on  the  figure.   The  lowest 

OCR  found  for  any  silt  was  therefore  2  not  the  3'^  indicated 

above . 

The  initial  excess  pore  water  pressure  versus  over- 
consolidation  ratio  plots  for  clayey  silt  (l„  between 
0.6  and  O.S)  and  silty  clay  and  clay  (I   less  than  0.6) 
are  given  as  Figures  7-9  and  7-10.   In  all  cases,  for  the 
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Figure  7-7 .   Penetration  Excess  Pore  Pressure  Versus  OCR 
for  Sandy  Silt 
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Figure  7-10.   Penetration  Excess  Pore  Pressure  Versus  OCR 
for  Silty  Clay  and  Clay 


16^ 
overconsolidated  soils  tested  the  pressures  were  negative. 
There  is  a  trend  of  increasingly  negative  pressure  with 
increasing  overconsolidation.   Both  the  Marchetti  and 
Florida  OCR  scales  are  included. 

7.2.5  Comparison  of  Piezoblade  and  Piezocone 

At  Site-1  a  piezocone  sounding  was  available.   This 
probe,  designed  by  Wissa,  was  of  36  mm  diameter,  cylin- 
drical shape  with  a  60°  cone  and  the  small  cylindrical 
porous  element  attached  at  the  tip.   It  is  described  in 
detail  in  Davidson  (1980b) .   The  test  was  performed  as  a 
continuous  penetration  test,  as  in  the  piezoblade  test, 
stopping  only  to  add  rods.   The  pore  water  pressure  plot 
is  shown  in  Figure  7-11  along  with  piezoblade  test  number 
one . 

It  is  obvious  that  there  is  no  systematic  agreement 
between  the  two  tests.   The  principal  reason  for  this  was 
noted  in  Section  7.2.2  and  Figure  7-1  and  is  the  extreme 
variability  of  Site-1.   The  two  tests  were  approximately 
30  feet  apart.   Piezoblade  test  number  12  was  actually 
closer  than  PBT-1  to  the  piezocone  sounding,  but  was  even 
in  greater  disagreement,  showing  primarily  negative 
pressures. 

It  should  be  noted  that,  even  if  the  soil  were 
quite  homogeneous,  it  would  not  be  expected  that  the  plots 
be  identical.   The  different  probe  shapes,  drainage 
boundaries  and  location  of  the  measuring  device  will  all 
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Figure  7-11.  Plots  of  Excess  Pore  Pressure  Versus  Depth 
from  Piezocone  and  Piezoblade  Soundings  at 
Site-1 
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influence  the  measured  excess  pore  pressures.   Some  of 
these  effects  were  observed  in  the  dry  sand  stereo  photo- 
graphy experiment. 

7.3   Dilatometer  Test  Results 
Results  from  the  dilatometer  tests  have  already  been 
used  in  the  preceding  sections  in  relation  to  the  piezo- 
blade  testing.   In  this  section  comparisons  will  be  made 
between  laboratory  test  results  and  parameter  values 
obtained  by  the  Marchetti  correlations  of  Section  3 '2. 

7.3-1   Soil  Classification 

In  geotechnical  engineering,  soils  are  usually 
classified  according  to  the  Unified  Soil  Classification 
System  developed  by  A.  Casagrande  (19^8).   This  system, 
which  is  described  in  most  soils  text  books,  (e.g.,  Lambe 
and  Whitman  (1969) .  Holtz  and  Kovacs  (I98I))  uses,  in 
general,  a  two  letter  classification.   The  first  letter 
describes  the  soil  type  (e.g.,  S-sand,  C-clay)  while  the 
second  indicates  the  most  important  soil  property 
(e.g.,  W-well  graded,  H-high  liquid  limit).   To  determine 
a  soil's  classification  a  sieve  analysis  and/or  Atterberg 
limit  tests  need  to  be  performed.   Since  soil  structure 
does  not  play  a  role  in  the  classification,  disturbed  but 
complete  samples  may  be  used. 

Since  soil  samples  are  not  acquired  during  dilatometer 
or  cone  penetration  testing,  correlations  have  been 
developed  to  permit  identification  of  the  soils  being 
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penetrated.   These  were  introduced  in  Chapter  3.      For  the 
dilatometer  the  correlation  of  Figure  3-5  relates  soil 
type  and  material  index,  I„.   For  the  cone  penetration 
test,  values  of  cone  bearing  and  friction  ratio  allow  a 
determination  of  soil  type  from  Figure  3-7- 

Disturbed  samples  were  gathered  from  Sites  1 ,  2  and 
3  using  a  bucket  hand  auger.   Samples  were  placed  in 
airtight  jars  and  returned  to  the  laboratory  for  classifica- 

sample  depths  and  the  Unified  Soil  Classifications  deter- 
mined by  laboratory  testing.   In  addition,  the  table 
lists  the  soil  type  as  determined  by  correlation  from 
neighboring  dilatometer  and  cone  penetration  soundings. 
Classification  tests  were  also  performed  on  the  undisturbed 
samples  obtained  using  the  Swedish  Piston  Sampler.   Table 
7-^'   presents  this  data  and  the  corresponding  dilatometer 
and  cone  correlation  soil  types. 

A  comparison  of  the  field  test  correlation  soil 
types  with  the  laboratory  tested  samples  shows  the  dilato- 
meter material  index  to  be  a  very  accurate  predictor.   Of 
the  ^^2  samples,  3^  were  correctly  predicted,  2  were 
classified  as  sandy  silt  instead  of  silty  sand  and  2  were 
classified  as  clayey  silt  instead  of  a  CL  and  a  CH.   The 
final  four  were  classified  as  clayey  silt  instead  of 
clayey  sand.   This  is  a  consequence  of  the  continuous, 
increasing  I^  -  increasing  grain  size,  correlation  of 
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Table  7-3-   Soil  Classifications  by  Laboratory,  Dilatometer 

and  Cone  Penetration  Testing 

Depth  Site  Sample  Unified  DMT  CPT 
(cm)      No.    Classifica-  Classifica-  Classifica- 
tion tion         tion 

50   1     1         SP  sand  organic  clay 

50   1     2        SP  sand  sand  +  silt 

50   3     3         SP  •  sand  sand  +  silt 

50   3     ^         SP  sand         sand 

50   2     5  ■      SP-SM  silty  sand       sand 

100   1     1       SW-SM  sandy  silt  sand  +  silt 

100   1     2       SM-SC  silty  sand  sand  +  silt 

100   3     3         SP  sand         sand 

100   3     ^         SP  sand         sand 

100   25         SM  silty  sand  sandy  silty 

"^  clay 

150   11         SM  silty  sand  sand  +  silt 

150   12         SM  silty  sand  sand  +  silt 

150   3     3         SP  sand         sand 

150   3     ^         SP  sand         sand 

150   2  ■    5         SM  sandy  silt  ^^^^^^^^^^ 

200    1      1         SM  silty  sand  ^^""^^l^^^ 

200    12         SM  silty  sand       sand 
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Table  7-3.   (Continued) 


Depth  Site  Sample  Unified      DMT  CPT 
(cm)      No.    Classifica-  Classifica-  Classifica- 
tion       tion  tion 

200   3     3        SP  silty  sand'  sand 

200   3     '^        SP          sand  sand 

200   2     5        SC  sandy  silt  clayey  sand 

250   12        SM  silty  sand  sand  +  silt 

250   3     3        SP         sand  sand  +  silt 

250   3     ^        SP         sand  sand 

300    1     2        SC  sandy  silt  ^^^^^ilj^"^ 

300   2     ^        SP          sand  sand 
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Table  7-i^.   Soil  Classifications  by  Laboratory,  Dilatometer 
and  Cone  Penetration  Testing 


Depth  : 
(cm) 

3ite 

Boring 
No. 

Unified 
Classifica- 
tion 

DMT 

Classifica- 
tion 

CPT 

Classifica- 
tion 

200 

1 

1 

SM 

silt 

clay 

363 

1 

2 

CH 

silty  clay 

silty  clay 

378 

1 

2 

CH 

silty  clay 

silty  clay 

39^ 

1 

2 

CH 

silty  clay 

silty  'clay 

^55 

1 

3 

CH 

silty  clay 

clay 

4-60 

1 

3 

CL 

clayey  silt 

clay 

467 

1 

3 

ML 

clayey  silt 

clay 

502 

1 

3 

CL 

silty  clay 

silty  clay 

l^l^O 

3 

4 

SM 

silty  sand 

silty  clay 

465 

3 

4 

MH 

silt 

clay 

480 

3 

4 

MH 

silt 

clay 

575 

3 

5 

SM 

sandy  silt 

silty  clay 

590 

3 

5 

ML 

silt 

clay 

355 

2 

6 

SC 

clayey  silt 

sandy  clay 

380 

2 

6 

sc 

clayey  silt 

sandy  clay 

560 

2 

7 

CH 

silty  clay 

clay 

600 

2 

7 

CH 

clayey  silt 

sand  +  silt 
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Fi^re  3-5 •  which  cannot  provide  for  a  sand-clay  mixture. 

The  cone  penetration  test  correlations  did  not  predict 
as  well  as  the  dilatometer.   There  could  be  two  reasons 
for  this.   First,  the  dilatometer  may  simply  be  a  better, 
more  consistent  tool  for  such  testing.   It  is  thinner  than 
the  cone  and  has  a  sharper  tip,  resulting  in  less  soil 
disturbance.   The  second  reason  is  that  the  dilatometer 
test  is  much  less  dependent  on  operator  experience  than 

one     >- ulic     ^ciic  L>i  a.  oxun      oc  o  o  «  j.n      biic      j-ca.  u  i/cx  I      »vj.  on      unc 

Begemann  tip  used  in  this  research,  the  operaxor,  while 
controlling  the  penetration,  must  watch  one  or  two  gauges 
and  obtain  readings  just  prior  to  and  just  after  a  sudden 
pressure  jump.   Much  experience  is  required  to  develop  the 
technique.   The  operators  during  this  research  were  not 
highly  experienced.   In  contrast  the  dilatometer  is  simple 
to  read.   Penetration  of  the  blade  has  ceased,  the  operator 
is  seated  at  a  table,  with  one  large  gauge  to  read  and 
pressures  are  increasing  slowly  and  uniformly.   Readings 
are  recorded  when  the  buzzer  ceases  and  then  reactivates. 

7.3.2   Overconsolidation  Ratio 

Dr.  Marchetti  developed  an  experimental  correlation 
between  overconsolidation  ratio  (OCR)  and  the  dilatometer 
Horizontal  Stress  Index  (K^^).   The  sites,  in  Italy,  used 
for  the  correlation  consisted  of  mechanically  overconsoli- 
dated  uncemented  material  deposits.   In  such  a  cohesive 
soil,  where  the  overconsolidation  is  due  to  surface  erosion 
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(simple  unloading),  Dr.  Marchetti  found  K„  decreased  with 
depth,  more  rapidly  near  the  surface  and  slowly  at  greater 
depth.  Figure  7-12.   In  normally  consolidated  cohesive 
deposits  K^  was  in  the  range  1.8  to  2.3  and  was  almost 
constant  with  depth. 

The  correlation  was  formulated  hy  performing  labora- 
tory one-dimensional  consolidation  tests  on  undisturbed 
samples  to  determine  the  OCR  and  relating  these  to  the 
■pnaHfj  i^ri  1  v^Q irc  r^-p   TT  ^   Marchsttl's  correlatlons  are* 

clay     OCR  =  (0.50  K^)^*^^  (3-9) 

sand      OCR  =  (O.67  K^)^'^^  (3-10) 

In  the  current  research  undisturbed  samples  were 
obtained  at  Sites  1,2,  3  and  5  using  the  Swedish  Piston 
Sampler.   One-dimensional  consolidation  tests  were  performed 
as  described  in  Section  S-^'l  and  the  OCR  for  each  test 
determined.   Test  plots  of  e  vs.  log  P  are  included  in 
Appendix  D,  pages  2^7  to  260  .   From  the  closest  dilato- 
meter  test  sounding,  values  of  K„  were  determined  and  the 
OCR  calculated  using  the  above  Marchetti  correlations. 
Table  7-5   contains  these  results.   It  is  evident  that  the 
existing  correlations  overpredict  the  OCR  for  the  Florida 
soils.   The  final  column  of  the  table  indicates  the 
magnitude  of  the  overpre diction,  on  the  average  by  a  factor 
of  2.2.   The  current  data  were  then  plotted  on  Marchetti 's 
correlation  graph,  Figure  7-13.   The  one  cohesionless 
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sample  tested  fell  close  to  the  Marchetti  line.   However, 
the  fourteen  cohesive  samples  plotted  to  the  right  of  the 
Marchetti  data.   A  best  fit  straight  line  through  the 
Florida  points  gave  the  correlation  equation 

OCR  =  (0.372  Kq)^'^° 

It  should  be  noted  that  the  K^  profiles  from  the  Florida 
sites  were  not  of  the  simple  form  of  Figure-12,  see  data 
in  Appendix  B.   The  ovcrconsclidaticn  is  net  then  the 
result  of  a  simple  unloading. 

7.3.3   Constrained  Modulus 

The  constrained  modulus  (M) ,  defined  as  change  in 
vertical  stress  over  change  in  vertical  strain  during 
confined  compression  testing,  was  also  correlated  to 
dilatometer  output  by  Marchetti,  (I98O).   The  modulus  used 
was  the  tangent  modulus,  i.e.,  the  slope  of  the  stress- 
strain  curve,  at  the  overburden  stress.   The  correlation, 
listed  in  Section  3 '2.31  related  constrained  modulus 
M  to  two  dilatometer  parameters,  the  dilatometer  modulus 
(Ej,)  and  the  horizontal  stress  index  (Kp^)  .   In  the  current 
study,  the  constrained  modulus  was  found  from  the  laboratory 
consolidation  tests  and  compared  to  the  value  predicted, 
using  the  Marchetti  correlations  and  dilatometer  parameters 
from  the  nearest  sounding.   Results  are  included  in  Table 
7-6.   Test  plots  of  log  M  vs.  log  P^  are  included  in  Appen- 
dix D,  pages  261  to  269.   The  Marchetti  correlation  again 
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overpredicted  the  laboratory  values  for  these  Florida 
soils.   The  nine  test  results  were  not  enough  to  produce 
an  alternative  correlation.   All  that  can  be  stated  is 
that,  on  the  average,  the  Marchetti  equations  overpre- 
dicted the  constrained  modulus  for  the  Florida  soils  by  a 
factor  of  2.1. 

7.3.^  Marchetti  Modulus 

Based  on  a  theory  of  elasticity  solution  Dr.  Marchetti 
defined  the  dilatometer  modulus  (E^,)  as: 

^D  =  7^=^  ^^-'^h  -  Pq)  ■    (>^^ 

1-v 
This  was  derived  and  the  terms  defined  in  Section  J.Z.J, 

To  test  the  suitability  of  using  dilatometer  results 
to  predict  Young's  Modulus  S,  a  number  of  consolidated 
undrained  triaxial  tests  were  performed  on  undisturbed 
Swedish  Piston  samples.   The  laboratory  test  plots,  stress 
versus  strain  and  pore  pressures  versus  strain,  are 
included  in  Appendix  E,  pages  271  to  279  and  280  to  287 
respectively.   The  results  are  given  in  Table  7-7;   sample 
identification,  the  stress  and  strain  values  used  to  calcu- 
late the  modulus,  Young's  modulus,  dilatometer  modulus 
in  psi  and  bars  and  the  maximum  deviator  stress  and  corres- 
ponding pore  pressure.   A  Poisson's  ratio  of  0.50  was  used 
to  calculate  the  dilatometer  modulus,  since  tests  were 
undrained. 
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Table  7-8  shows  the  comparison  between  dilatometer 
moduli  determined  from  the  laboratory  testing  and  those 
calculated  from  the  closest  dilatometer  soundings  using 
equation  (3-8).   The  final  column  of  the  table  indicates 
the  factors  by  which  the  dilatometer  underpre diets  the 
laboratory  values  for  the  Florida  soils  tested.   In      ^ 
Figure  7-1^  the  dilatometer  modulus  determined  by  labora-  - 
tory  test  is  plotted  against  the  corresponding  dilatometer 
soundlne:  (P^  -  P^)  values.   A  best  fit  straight  line,  by 
the  lease  square  method,  was  constructed  and  had  the 
equation: 

Ep  =  52.9(Pi  -  Pq) 

From  this,  the  Young's  modulus  is  calculated  by  multiplying 
by  (1  -  v^). 
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CHAPTER  8 
SUMMARY,  RESULTS  AND  SUGGESTIONS  FOR  FUTURE  RESEARCH 

8 . 1   Summary 

A  new  soil  insitu  testing  device,  called  the  piezo- 
blade ,  was  designed  and  constructed.   It  consisted  of  a 
thin  steel  blade  with  a  flush  surface  porous  cap  and  an 
internal  pressure  transducer.   The  device  is  pushed  into 
the  ground  and  pore  v/ater  pressures,  sum  of  hydrostatic 
and  excess,  measured  and  recorded  on  a  strip  chart  recorder. 
A  calibration  chamber  and  de-watering  system  were  also 
designed  and  constructed. 

The  new  piezoblade  serves  two  purposes.   With  con- 
tinuous penetration  it  is  another  electric  piezoprobe, 
but  of  quite  different  shape ' from  the  normal  Fugro ,  Wissa, 
Geonor,  etc.  piezocones.   The  piezoblade  was  field  tested 
to  determine  if  it  provides  the  same  type  of  data  as  the 
piezocone,  e.g.,  detection  of  permeable  layers,  positive 
or  negative  excess  pore  pressures  in  different  soils,  etc. 
No  attempt  was  made  to  compare  piezoblade  and  piezocone 
results  by  adjacent  field  testing. 

The  second  and  more  important  reason  for  building  the 
piezoblade  was  to  aid  in  evaluating  the  drainage  conditions 
around  the  Marchetti  dilatometer.   For  this  reason  the 

18^ 
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piezoblade  was  built  with  exterior  dimensions  identical 
to  the  dilatometer .   In  the  field,  the  tests  for  comparison 
with  the  dilatometer  were  performed  by  penetrating  the 
blade  discontinuously,  in  20  cm  increments  with  a  minute 
or  more  delay  between  steps. 

The  Marchetti  dilatometer  is  a  recently  introduced 
insitu  testing  probe  which,  by  correlations  developed  in 
Italy,  allows  determination  of  several  important  geotech- 
nical  parameters.   Tuere  are  onxy  a  very  xew  uixaoonie  oer s 
currently  in  use  in  the  USA  and  consequently  field  experi- 
ence is  limited.   A  second  purpose  of  this  research  was 
to  evaluate  the  available  dilatometer ' correlations  in 
some  Florida  soils. 

Five  test  sites,  with  high  water  table  levels,  were 
chosen  near  the  University  of  Florida  campus  and  an 
intensive  testing  program  planned.   Tests  performed 
included  continuous  and  incremental  piezoblade  soundings, 
dilatometer  soundings,  cone  penetration  tests  and  disturbed 
and  undisturbed  sampling  for  laboratory  tests.   The 
laboratory  testing  consisted  of  classification  type  tests, 
specific  gravity,  grain  size  and  Atterberg  limits  as  well 
as  one-dimensional  consolidation  and  consolidated  undrained 
triaxial  tests. 

Finally  a  laboratory  study  was  performed  to  compare 
the  effects  of  penetrating  blade-shaped  and  cone-shaped 
probes.   This  was  carried  out  in  dry  sand  using  a  stereo 
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photography  technique  to  accurately  measure  grain  displace- 
ment in  the  vicinity  of  the  probe.   Strains  could  be 
computed  and  soil  disturbance  effects  evaluated. 

8.2   Results 
1.   The  newly  designed  and  constructed  piezoblade,  cali- 
bration chamber  and  de-watering  system  performed 
satisfactorily. 

7,,      Duri.np-  field  testin-^"}  the  "riiezoblade  successf^ll'^''  and 
clearly  identified  thin  sand  layers.   These  were 
confirmed  by  nearby  dilatometer  testing. 

3.   The  piezoblade  provides  a  simple  and  rapid  means  of 

evaluating  site  uniformity,  both  vertically  in  a  single 
sounding  and  laterally,  by  comparing  pore  pressure 
profiles  from  two  or  more  soundings. 

h.      By  permitting  the  generated  excess  pore  pressures  to 
dissipate  after  incremental  20  cm  penetrations,  an 
important  relationship  was  established  between  dilato- 
meter material  index  I^,  (or  soil  type)  and  percent 
dissipation  after  one  minute.   This  gives  a  quantitat- 
ing  measurement  of  the  drainage  conditions  (drained, 
partially  drained,  undrained)  during  dilatometer  testing 
in  any  soil. 

5.   The  initial  excess  pore  water  pressures  generated 
by  penetration  of  the  piezoblade  were  both  positive 
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and  negative  in  sign.   Using  neighboring  dilatometer 
soundings,  relationships  were  established  between  excess 
pore  pressure,  soil  type  (l^,)  and  overconsolidation 
ratio  (OCR).   For  sands  and  silty  sands  the  pressures 
were  always  positive,  even  for  very  high  values  of  OCR. 
Sandy  silts  were  borderline  soils,  the  high  sand  frac- 
tion gave  positive  pressures,  the  low  sand  fraction 
gave  negative.   Silts,  clayey  silts,  silty  clays  and 
clays  generated  negative  excess  pore  pressures.   These 
soils  all  had  an  overconsolidation  ratio  greater  than 
two.   There  was  a  general  trend  of  increasingly  negative 
pressure  with  increasing  overconsolidation. 

6.  A  comparison  of  dilatometer  I^  prediction  of  soil  type 
with  the  Unified  Soil  Classification  System,  determined 
from  laboratory  testing  on  samples,  showed  excellent 
agreement. 

7.  The  Marchetti  correlation  relating  overconsolidation 
ratio  and  dilatometer  horizontal  stress  index  K„ 
overpredicted  the  OCR  of  the  soils  tested  in  this  study 
by  an  average  factor  of  2.2.   A  new  correlation,  better 
suited  to  these  soils,  was  developed: 

OCR  =  (0.372  Kj^)^*^° 

8.  The  Marchetti  correlation  for  determining  the  con- 
strained modulus  (M)  overpredicted  the  actual  modulus 
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of  the  soils  tested  by  an  average  value  of  2.1. 

9.   The  Marchetti  equation,  based  on  a  theory  of  elasticity 
solution,  for  the  modulus  E„  underpredicted  the  values 
obtained  from  CU  triaxial  testing  of  the  Florida  soils. 
The  following  equation  better  fits  the  data: 

10.   In  the  stereo  photography  study,  the  piezoblade  was 
penetrated  into  five  different  density  sands  and 
displacements  and  volumetric  strains  computed  and 
plotted.   A  similar  study  had  previously  been  per- 
formed on  identical  soils  using  a  cylindrical-cone 
probe.   A  comparison  of  the  results  showed  that  the 
thinner,  sharper  tipped  dilatometer  penetrated  the 
soil  with  considerably  less  disturbance  than  the 
larger  diameter,  larger  tip  angle  cone.   Such  results 
can  be  used  to  compare  both  dilatometer  and  cone 
penetration  tests  and  piezoblade  and  piezocone  tests. 

8.3  Recommendations  for  Future  Work 
1.   One  modification  of  the  piezoblade  is  recommended. 

In  the  current  model,  the  transducer  holder  is  perman- 
ently affixed  and  the  groove  containing  the  temperature 
compensating  section  and  wiring  filled  with  a  special 
glue.   In  the  case  of  a  broken  wire  or  the  need  to 
recalibrate  the  transducer  it  is  a  tedious  task  to 
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remove  this  glue.   Also,  the  chances  of  damaging  the 
transducer  or  wiring  is  high.   It  is  suggested  that  a 
thin  plate  ^0  x  100  mm,  flush  mounted  on  a  gasket  and 
held  by  8  screws,  replace  the  current  small  circular 
holder  and  the  glue . 

2.  The  de-aired  piezoblade  was  transported  to  the  site 
in. a  water  filled  plastic  bag.   This  is  rather  too 
flimsy  and  on  occasions  was  accidently  punctured  by 
the  blade,  necessitating  a  complete  re-deairing. 

It  is  suggested  that  stronger  plastic  containers  be 
produced  of  approximately  the  same  shape  as  the  blade. 
(In  current  piezocone  testing  at  the  University  of 
Florida,  plastic  ketchup  and  mustard  bottles  have 
been  successfully  used.) 

3.  Of  utmost  importance  is  the  locating  and  testing  of 
better  field  sites.   The  sites  used  in  this  study, 
chosen  close  to  the  University  for  reasons  of 

cost  and  adjacent  to  lakes  for  the  high  ground  water 
levels,  were  much  too  variable.   Also  they  consisted 
primarily  of  soils  ranging  from  silty  sand  to  silty 
clay.   Homogeneous  sites,  including  deposits  of  sand 
and  clay  are  needed. 

H-.      It  would  be  of  interest  to  perform  a  series  of  adjacent 
piezoblade  and  piezocone  tests.   All  piezometer  probes 
in  commercial  use  are  of  the  piezocone  variety. 


190 
Different  organizations  have  placed  the  porous  sensing 
element  at  different  locations  near  the  tip  seeking 
the  best  position.   The  stereo  photography  study  in 
this  research  however  shows  great  disturbance  of  the 
soil  in  the  vicinity  of  the  cone,  but  very  little 
disturbance  along  the  piezoblade  face.   Further  research 
may  show  a  complete  superiority  of  the  blade  shape  for 
piezometric  probes. 


APPENDIX  A 
PLOTS  OF  PISZOBLADE  TEST  RESULTS 
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Figure  A-1 .   Pore  Pressure  Profile  from  Piezoblade-1 
(Continuous  Penetration) 
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Fgiure  A-2 .   Pore  Pressure  Profile  from  Piezoblade-2 
(Continuous  Penetration) 
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Figure  A-3.   Pore  Pressure  Profile  from  Piezoblade-3 
(Continuous  Penetration) 
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Figure  A-^.   Pore  Pressure  Profile  from  Piezoblade-4 
(Continuous  Penetration) 
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Figure  A-5.   Pore  Pressure  Profile  from  Piezoblade-5 
(Continuous  Penetration) 
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Figure  A-9.   Initial  Pore  Pressure  Readings  from 

Piezoblade-9   (Incremental  Penetration) 
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Figure  A-10.   Initial  Pore  Pressure  Readings  from 

Piezoblade-11   (Incremental  Penetration) 
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Figure  A-11.   Pore  Pressure  Profile  from  Piezoblade-12 
(Continuous  Penetration) 
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Figure  A-12 .   Initial  Pore  Pressure  Readings  from 

Piezoblade-13   (Incremental  Penetration) 
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Figure  A-I3. 


Dissipation  of  Excess  Pore  Pressures 
(Piezoblade  stopped  every  20  centimeters) 
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Figure  A-16.   Dissipation  of  Excess  Pore  Pressures 

(Piezoblade  stopped  every  20  centimeters) 
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Figure  A-17.   Dissipation  of  Excess  Pore  Pressures 

(Piezoblade  stopped  every  20  centimeters) 
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Figure  A-18.   Dissipation  of  Excess  Pore  Pressures 
irigure        (piezoblade  stopped  every  20  centimeters) 


APPENDIX  B 
RESULTS  OF  DILATOMETER  TESTS 


OLE  >^K: 


1 


SECiffiO  iF  DILrtTDrtrrER  TtST  HD.  0-1 

USPS  BfiM  iStUCriflK  PRDCEMRtS  IM    ilflSCHETn,  ftSCE,  J.  SE5.  ftfWCH  1150 

LDC?Tim:  Lftffi  ftUK  (HWTH) 
PEKFUiafl):     DATE:    1  JULY  1R81 

5Y     :    ftaJEZfl  eCSH?fiT 


MLBMTIDH  IXFDBtftTIDN: 

l)ft=    0.21)  iftRS         De=    0.20  EARS 


Zn=    0.20  MRS         ZU=    0.10  KETEK 


'         a  ?  rP        110        TD      CSI'M      ty  I'D        lC?      PC        1^0      CU  1  SOU  TYPE  DESCHPTTnH 

««ll   itlH   mil  IMiil   titll   HStI  ittii  ttltit  iiHit  Uill   Mttt  Ittt  Mill   IHHI  miHItlHI  itmHIMIItllltl 


0.20 

l.iO 

!<  2'^ 

55.5 

0.00 

1.5b 

1.70 

0  035 

1,2.57  "H'i 

3.37  i<. 22 

317.0 

snWY  ;ar 

L34  OEiiSITY 

C.W- 

O.CO 

5.  (SO 

170  ^ 

O.CO 

7.17 

1.70 

0  0<j1 

s.m  27  15 

1  37  l.s5 

Wl.(i 

S/WD 

LECSE 

C.<i4 

1.20 

i.20 

173.7 

0.00 

^.'^8 

1.30 

0  105 

1.2h  32.51 

3. Hi  1.75 

W14.5 

iftHO 

LD'J  CiDirf 

0.5C 

2.00 

8.80 

2M3.,i 

0.00 

l4    00 

l.=0 

o.m3 

11.75  51. W 

?.2i  2.03 

i54.i< 

;amo 

ItEOIUn  RI6IDCTY 

1.00 

3  00 

7.W 

155  !< 

0.01 

1.51 

1.50 

0.141 

U.51  i<3  65 

7  «  2.m 

^h3.3 

SSWY  SILT 

flEDHJil  taSHY 

1.20 

M.OO 

12.  o» 

318.  < 

0.03 

2.^2 

l.W 

0.167 

11. OM  ssata 

2i(.11  2.70 

mi.  3 

SILTY  S/iXD 

flEIIlil  RIQIDITY 

l.sO 

0  iO 

11.  W 

UU9  = 

0.05 

2.00 

2.;o 

0.207 

23.31  --i»"  51  40  3.42 

1487.4 

ilLTY  SKiO 

insa 

l.iiO 

i4,20 

u.oo 

2M8  i 

0.07 

1.7< 

1.30 

0  223 

17,01  71.05  15.85  2.54 

717.0 

ii^HDY  SILI 

tSDIlW  OEHSHY 

1.80 

i<  90 

11.60 

25<i.M 

0.01 

1.58 

1.80 

0.231 

18.33  51.51  14,22  2.<i4 

755.7 

S.INDY  SILT 

flEDIUn  DD^SHY 

2.00 

3  60 

n.6i 

215.3 

O.U 

2.57 

1.10 

0.257 

12.10  54.45  13.11  2.07 

751.5 

siLTY  mo 

noiufl  ncicnY 

2.20 

5.00 

m.85 

367.1 

0  13 

2.2i 

2.00 

0.277 

15.88  ll.i-j  25.33  2.43 

1034.4 

5ILTY  SfiKD 

aais 

2. MO 

6  80 

15.70 

330.2 

O.U 

1.43 

1.15 

0.214 

21.03  53. 4<  17.31  2.84 

1014.3 

SflMV  sar 

DEHSE 

2.« 

5.80 

13.20 

271.1 

0.17 

1.31 

1.15 

0.315 

U.76  37.41  11.31  2.51 

771,4 

SfiHOY  SILT 

iCiZt 

2.80 

7.80 

13.  W 

271.7 

0.11 

l.OM 

1.15 

0.334 

21.71  41.24  13.78  2.11 

847,2 

SILT 

OOtSE 

3.00 

5.<i0 

13. W 

237.5 

0.21 

1.55 

1.=^ 

0.353 

14,22  j4.4i5  12.85  2.28 

781.4 

iflKDY  SaT 

CEXSE 

3.20 

M.OO 

10.60 

2^0.1 

0.2J 

1.38 

1.10 

0.371 

1.33  23. C4  10  40  1.74 

584.4 

SILTY  SfiHO 

roiun  RieunY 

B.'-'O 

.<  1,0 

13.20 

3o5,2 

0  25 

1.74 

t,°5 

0  3''0 

14  •:6  51  10  11,13  2.31 

1000.5 

sflWY  sai 

Cff'SE 

3.40 

4  20 

1')  -0 

313    6 

0.27 

l.ji 

l,-^5 

0  W1 

13.;;  33  =0  13.34  2.21 

i50  1 

jnNDY  ::u 

:vsi 

3.50 

M.30 

iS.SO 

J32,2 

0.21 

3.7i 

I.  a 

0  '-(21 

8.1<  iO  :3  13,03  1.71 

1277.,; 

i/i.-iO 

w.-j 

k.» 

6,20 

iO.lO 

13<,C- 

0.31 

0.6^ 

l.bO 

0  4^5 

12.04  13.11    8.10  2.14 

1  CO     3:7  1 

CLnVLY  SIlT 

nEDan  SCHSITY 

U.Zi 

S.'-'O 

I'l    OJ 

2 '.5  3 

0.33 

3.75 

1  ■-'i 

0  Ho4 

14.77  27  53  12.30  2.51 

!.'•">     444.0 

CLniEY  SILT 

JEH.'E 

i(.W 

1.70 

1^.50 

:us.6 

0.35 

0.7M 

1.15 

0  483 

18.70  32.43  15.71  2.47 

1.74     737  3 

CLaVEY  SILT 

DE}i.^E 

i(.«  12.00 

:i.oo 

(521.4 

0.37 

1.57 

2.10 

0  505 

21.43  74.51  33. X8  2.31 

1143.7 

s,iNOY  sai 

UESY  0O*SE 

M.SO 

1,80 

21.  W 

707  1 

0,31 

2.25 

2.15 

0  528 

14.10  11. 52  41  51  2.45 

2001.1 

SILTY  mi 

i;n!Y  Ricro 

5.00 

U.20 

27.^0 

413.3 

O.Ul 

1.66 

2.10 

0.550 

18.18  44.71  34.41  2.43 

1.304.7 

SftKDY  SILT 

VUFI  OEJiSE 
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FILE  mK: 
MIX  liiltiii: 


PIEZUBy^  PESEftRCH 


SCIKD  OF  ClAIDtlETER  TEST  NO.   l>-2 
USES-  OATft  ilDUCflDH  HaiCEDUSES  D( 


iiMCHETn,  ftSCE,  J.  ;ed.  miKH  l-WO 


UICCTni:  \Jia  flUCE  (KORTH) 
PEfFnWiD:     DATE:     i  Jar  1R81 

EY     :    ftUREZfl  EiCSHBfiT 


MLEiRflTIDX  INTDIMTXIIM; 

M=     0.10  MRS  Of-    0.20  PARS 


Zn=    «.29  PARS 


ZH=    0.10  flETERS 


z      ft       £      ED      iw     li)    siiinfi    vu       ici>     cc;    rc     kO    C'u      s       :2r^  type        ^erc^n-qj 

IHH  HMI  ttll*  iinil  lilll  UMI  Uttl  MtMl  titlit  i>ii>  Htit  Utt  IMti  iitltl  mUlUIIH  MMtttMIIMMtit 


v.;o 

2.20  U.BO 

3ol.3 

0.00 

5.S7 

l.=iO 

0.033 

U6.71  sta<>a  2515  M  M3 

1337.0 

mi 

iiEsiuii  nmw 

o.w 

2.00  10. W 

3m.  7 

0.00 

3.61 

1.10 

0.073 

20. ^8  ««»M  10  8<  2.82 

182.  < 

SAND 

mm  RIGIDITY 

C.oO 

2.20  U.W 

j'h5.3 

0.00 

5.i5 

I.IO 

0.111 

mil  51.12    1.00  2.3M 

ISM.it 

SDHO 

nEDiiifl  mum 

0.30 

1.80  "i.eo 

2'?M 

0.00 

6.15 

1.30 

O.IW 

8.15  35.53    i4,i<1  1.71 

718.1 

SAND 

La  a  RIbDITY 

1  vO 

3  ^0  U.iO 

2?3.i 

0  CI 

2.« 

1.--.!) 

0.175 

10.71  '--o'.i  17. .«  2.51 

312.3 

SILTY  mi 

nEPIi;?!  SISIDITY 

1.20 

<i.20  iH.iO 

sca.'i 

0.03 

2.5^ 

2.00 

0.115 

27.77  »««  51. o1  3.3'( 

1611.0 

nut  iflHO 

JiGD 

l.!<0  10.20  woo  UM.l 

0.05 

1.61 

2.15 

0.213 

31.33  icniu  iiiit  4.04 

4228.5 

im 

UERY  5ira 

l.iW  10  80 

34  00 

881.7 

0,0? 

2.54 

2.15 

0.241 

31. 3<  <««««  )>«>ii(H  4  04 

3236.3 

SILTY  SMD 

i;EfiY  RI6I1) 

1.(30  U.-iO 

34.40 

874.1 

0.01 

2.30 

2.15 

0.2(<4 

38.16  «ia«  sissf  4,02 

3171.7 

SILTY  iW(0 

MERY  SKD 

2.00    7.20 

24.20 

643.8 

O.U 

2.85 

2.00 

0.284 

21  6f  «»>«  47  07  2.11 

2010,4 

SILTY  SfiNB 

tlSD 

2.20    8.10 

2<  20 

(ill. 5 

O.U 

2.63 

2.00 

0.304 

22  16  =««  55.25  3.00 

2173.1 

SILTY  Sf:HO 

RI5D 

2.40    5.00 

1^.60 

400  2 

0.15 

2.55 

2.00 

0.324 

13.07  63.01  20.44  2.17 

1057,2 

SILTY  SftNO 

K5D 

2.i0    6.20 

23.10 

644.1 

0.17 

3.42 

2.00 

0.344 

14.33  80  25  27.61  2.34 

1832.3 

SfIND 

RKID 

2.80     7.20 

15.60 

322.5 

0.11 

1.34 

1.15 

0.363 

17, CI  33  44  13,16  2,61 

143.4 

SANDY  SILT 

DENSE 

3.00    .5.10 

13.  oO 

271.7 

0.21 

1.31 

1,15 

0  332 

14,21  23  ;0  10.13  2.28 

760.2 

S5KDY  SILT 

CENSE 

3.20     i<  80 

14  ^<> 

283  6 

0.23 

1,26 

1,15 

0  401 

15.22  25  b5  10  37  2.37 

788.3 

SANDY  SILT 

DENSE 

3,'-o   .3  ^;o 

-.0 .  ^L' 

'•'-•>  5 

0.2") 

1.57 

l.=i5 

v  '^20 

16.27  ^3  jt  24.50  2  o4 

1315,5 

SONSY  SILT 

ICTSE 

3,i<0     1  40 

li.80 

273.8 

0.27 

0.86 

1,15 

0.431 

11.76  :j,tJ  :5  o^  2.76 

1.61 

321,7 

SILT 

CEHSE 

3.;0     t  kj 

U.iO 

1=0  4 

0.21 

an 

1.15 

0.458 

16.15  13. Cc  i:  -:3  2. 53 

IM 

3W  7 

aftYEY  :iLi 

m'-z 

'h.OO  U  CO 

20  -30 

361  1 

0,31 

0.11 

2.10 

C  480 

21.07  31  31  18,11  2,36 

2  CO 

1134,3 

;iLT 

UETY  OZ?AZ 

M.20  li.20 

'-0,00 

113.  V 

0.J3 

l.il 

2.1? 

V  =02 

21.07  =ii"  31.22  3  43 

3071 , 3 

SANDY  SILT 

1)1^1  iC-iSE 

4.W  18.00 

4<-.0O 

843.0 

0.35 

1.38 

2.10 

0.524 

31.42  '"«<  54  35  3.53 

2315.2 

SANDY  SILT 

l/ERY  PENSE 

M.60  18.40 

40.00 

327.5 

0.37 

1.33 

2.iO 

Q'M 

30  31  10  51  41.42  3.54 

2321.0 

SANDY  Sai 

i;ERY  DENSE 

4.80  11.90 

24.40 

477  1 

0.31 

1.21 

2.10 

0.563 

18.83  33  46  11  01  2  68 

1420.0 

SANDY  SILT 

UERY  DENSE 

5.00  U.20 

11.20 

21^.1 

0.41 

0.78 

1.15 

0.587 

17.5,i  21  63  17.31  2.58 

1.15 

870.0 

CLAYn  STIT 

DENSE 

5.20  10.80 

13.40 

283.6 

0.43 

0.77 

1.15 

6.iOi 

1<S.34  2.S.50  U.a  2.47 

1.84 

80^.5 

aAYEY  SILT 

DENSE 

5.40  8.eo 

14.60 

2L3.7 

0.45 

0.72 

1.15 

0.625 

i2.7i  18.01  n.26  2.14 

1.31 

551.1 

aAYEY  SILT 

DENSE 

5.60    1.40 

^).4l 

423.5 

0.47 

1.33 

1.15 

0  644 

12.86  23. a  15.33  2.15 

1112.7 

SANDY  Sai 

DOSE 

5.80    8.00 

14.40 

237.0 

0.41 

0.10 

1.15 

0.663 

10.72  13.72    1.01  1.12 

1.11 

583.^ 

SIT 

DENSE 

4.00    1.20 

13.60 

353.5 

0.51 

1.17 

1.15 

0.682 

11.13  U.21  11.06  2.05 

q04.8 

iur 

DOSE 

^.20 

5.40  H.20 

407.1 

0.51 

2.<i0 

2.0<J 

0.702 

(i.05  14.4?  10 

1^  1.33 

83^.2 

SILTY  SAHO 

ma 

4.40 

8. (SO  13.00 

351.5 

0  55 

1.2? 

1.15 

0.721 

10.40  14,51  10 

Ui  1.H8 

860.1 

SAHsr  saT 

C-EUSE 

6.60 

6.80  U.80 

260,3 

0.57 

1.21 

1.15 

0.740 

7  83 

3.56 

33  1  57 

538.1 

SANDY  Sai 

DE.HSE 

4.80 

4^0  14.  aO 

373,0 

0.51 

2.70 

1.14 

0,758 

4.12 

1,?6 

40  1.15 

4l7,6 

SILIY  SwiD 

nOIUri  BIblDIIY 

7.00 

7.30  14.60 

252.5 

0.61 

1.01 

1.15 

0,777 

8.71 

1,12 

71  1.61 

51(5.4 

SILT 

DOfSE 

7.20 

7.40  U.IO 

170.1 

0.63 

0.72 

1.15 

0,716 

9.10 

8.87 

U  1.61 

1.01 

310.8 

ttAYEY  SILT 

DOtSE 

7.'-^ 

5.10     1.10 

143.7 

0.65 

0.78 

1.80 

0  812 

i.n 

5.72 

44  1.34 

0.72 

287? 

aAYH  SILT 

ttBnm  oEKsnY 

7  ii 

6.20  U.20 

260.3 

0.67 

1.38 

1.15 

0.£31 

iM 

7.06 

i9  1.34 

524.7 

mm  silt 

:£NS£ 

7.30 

6.20  10.60 

151.3 

0.61 

0.83 

1.80 

0.S47 

6.15 

5.7(i 

88  1.34 

0.76 

311.1 

SILT 

mnm  density 

8.0O 

4.10  12.20 

303.0 

0.71 

2.82 

l.W 

0.865 

3.35 

4  61 

06  0.86 

466.1 

SILTY  SAND 

rtDIUn  RICIDITY 

s.:o 

3,10     1.40 

202.0 

0.73 

1.14 

1.10 

0  881 

3.18 

4.03 

3  54  0  82 

288.2 

SILTY  SAND 

HtDIUH  RKIDITY 

8.40 

3  40     3.40 

182.6 

0.75 

2.13 

l.W 

0  101 

2.57 

2.32 

2  54  0  61 

226.1 

SILTY  SANO 

iitDna  RicionY 

i.it 

2.30     7.20 

151.3 

0.77 

2.50 

1.30 

0  117 

1.88 

1.5^ 

43  0.51 

158.3 

SILH  SANO 

LOU  RICDITY 
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nil  SftlE: 


PIEZnELfiSE  RESEftPCH 
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HTUSO  IF  DIUTDnETER  TEST  Iffl.  0-3 

USIMC  DATA  iiEStJCTIin  PiaiCCDlKS  XX    nMCKTTI,  ASCE,  J.  CC0,  IIMCH  l<nO 

LDCATia:  Ifta  ALICE  (EAST) 
PESTliOO:     BATE:    1  mr  1181 

EY     :    ALHSZA  etKffiAT 


CALIEIMnDM  DffQiaMTIIW: 

DA=    9.10  E:ARS         D^    4.20  BARS 


Zn=    0.20  PARS 


zw=  o.^5  naERS 


Z         A         8  ED  l»  ID      MniM      SU  KD       CCR  PC       M  CU  II  SUa  TYPE  DESCOTTIia 

HUl  tttll  H*lt  Mint  mil  Mill  {till  mill  Itllll  <lt<l  lim  llll  IHII  IIIIII  HtHlltllH  l**«IHUtHltll*l 

0.20  1.50  10.80  2k'\.i  O.W  S.15    1.80  0.035  27.14  ">««  3.12  3.30  1177. i(          iflHO  LilU  nSDITf 

iM  3.50  IB. 00  551.7  0.0«  5.5M    1.10  0.073  36.85  wii<«  33. 3i|  3.10  200'<.1         SAKD  nEDIUn  nGIOTY 

0.60  M  50  lii.W  1(50.7  0.02  3.20    2.00  0.013  38.83  «"«  i<1.i«i  M. 01  1657.6  SILTY  SA«D  RICIS 

0  80  2  MO     5.80  120  4  0.04  1.54    1.70  0,112  18.84  53.41  <  54  2.d3  357.1  SAHOY  SILT  LDU  CEXSITY 

1.00  5.30  18.30  U62.3  0.05  2.47    2.00  0.132  j8.2(i  "»"  i4.?7  j.^S  lail  1  SCLFf  C-fiND  ?IGD 

1.20  .i. 80  28.10  815  3  0.07  IM    2.00  0.15^  3<i.4S  «»»»«  <!3  81  3  81  ildO^          SAW  mB 


1.44  9.10 
l.(iO  1  80 
1.30  8.20 
2.00  10.80 
2.20  10.00 
2.40  1.00 
2.<iO  10.44 
2.80  8.00 
3.00  1.50 
3.20  3.40 
3.'-0  3,20 
3.60  10.10 
3.30  U.30 


5.60 
4.00 


7.80 
7.50 
7.20 
5.30 
i.OO 
7.20 
i.iO 
7,30 
7,10 
180 
7.20 


17.13 
21.00 
1'(.40 

23  10 

24  20 
U.80 
11.80 
14.80 
2.'S.30 
11  20 
li  20 
17  20 
11.40 
11.  iO 
21,10 
15  10 
U.20 
12.80 
U.dO 
10,80 
U.OO 
10,30 
U.30 
U.50 


338.0 
423.5 
30<.1 
4^.2 
540.0 
211.4 
353.5 


252, 

660. 

407 

211 

264 

233, 

446.3 

547.3 

215.3 

256.4 

252.5 

Ibi-.l 

143.7 

112.7 

132.1 

182  6 

155.4 


0.0^ 
O.U 
O.U 
0.15 
0.17 
0.11 
0.21 
0.23 
0.25 
0,27 
0,21 
0,31 
0.33 
0.35 
0.37 
0.31 
0.41 
0.43 
0.45 
0.47 
0.41 
0.51 
0.53 
0.55 


1.22 
1.27 
1.10 
1.27 
1.62 
0.15 
0,11 
0.13 
2.15 
1.47 
1.01 
0,76 
0.70 
1.73 
2.34 
1.26 
1.56 
1.33 
0.70 
0.64 
0.43 
0.57 
0,83 
0.66 


1.15 
1.15 
1.15 
2.10 
2.10 
1.15 
1.15 
1.13 
2.15 
1.15 
1  "5 
1.15 
1.15 
1.15 
2.00 
1.15 
1.80 
1.13 
1.15 
1.80 
1.10 
1.80 
1.15 
1.15 


0.171 
0.110 
0.201 
0.231 
0.253 
0.272 
0.211 
0.310 
0.333 
0,352 
0  371 
0,3=0 
0,401 
0.428 
0.443 
0.467 
0.481 
0.502 
0,516 
0.532 
0.55O 
0.566 
0.585 
0..S04 


43  68 
47.58 

36.22 
43.05 
35.61 
30.63 
33.01 
23.68 
24.11 
21.31 
20  ii 
23,  "6 
26,31 
15.82 
14.11 
13.54 
1.22 
10.24 
12.46 
11.35 
12.34 
11.16 
10,14 
10.50 


Maiu  21 
11.70  11 

BXR"))    31 

utnio  so 
70,53  11 
71.  rt  23 

47.24  14 
ttBta  ?2 
63,51  22 
':i  31  13 
43  13  18 
57  63  23 
63. S3  27 
72. "i?  32 
21. £8  10 
17.53    3 

15.25  7 
17  36  8 
15.01  7 
18.18  10 
14  61  8 
12.58  7 
13.30  3 


.H  4.28 
.53  4.48 
.16  3.87 
.73  4,24 
,10  3.84 
.20  3.53 
.18  3.68 
.65  3.06 
.00  3.15 
,31  2,38 

47  2  7S 
.77  3.08 
.37  3.28 
,32  2.43 
.70  2.27 
.13  2.21 

47  1.75 
.65  1,87 
.16  2.10 
,11  1.11 

04  2.14 
-27  1.17 
.36  1.35 
.03  1.10 


1261.4 
1613.0 

1013.4 

1733.7 

1116.7 

1.81    113.1 

2.14  1230.7 

1.50     802.7 

2121,6 

1257,3 

105.3 

842.6 

134,1 

1257.3 

14.S4.1 

781.5 

621.1 

611.4 

434.1 

361.5 

310.5 

345.0 

440.5 

371.1 


1.11 
2.32 


1.12 
1.03 
1.24 
1.07 
0,13 
1.06 


SAHOY  SILT 
SAXDY  SIT 

iILT 
SAHDY  ^■a.t 
SAKOY  SILT 

SILT 

SILT 

sai 

STLH  ifiXO 
SflHOY  saT 

SILT 
aSVEY  SILT 
CLfiVFi'  SILT 
SflKDY  SaT 
SILTY  SftXD 

s.iiffiY  sai 

SAKOY  SIT 

s.'iHDY  sai 

aflYEY  SILT 
aAYEY  SILT 
SILTY  CUY 
SILTY  CLAY 

sai 

aAYEY  SILT 


DENSE 

OENiE 
UE5Y  DENSE 
UEKY  CENSE 

DENSE 

DEXSE 

CENSE 

UERY  mis 

DENSE 
CrrtSE 
CENSE 
DENSE 
DENSE 
?I5I5 
DENSE 
lOEill  DENSnY 
DENSE 
PENSE 

(Siiim  cENsnY 

HICH  CDNSISTEXCY 

nEDan  CffiSISTENCY 

DENSE 

DENSE 


6.24 
6.44 
6.c0 
6.84 
7.04 


7.30  U.44  147,6 

6,30  U.50  170,1 

6.10  10,00  131  1 

4,30  14  50  365.2 

5.50  1.10  128.2 


0.57 
0.51 
0  61 
0,63 
0.»5 


0  62 

0.71 
0.73 
2.75 
4.76 


1.15 
1.15 
1.34 
1.10 
1.84 


4.62J 
0.442 
0,658 
0  676 
0.612 


14.31  12  15 

1.17  1C,?5 

7,11  3,54 

5,32  11,32 

6.62  6.47 


8.07  1 
6.14  1 
5,62  1 
7,45  1 
4.48  1 


1.07 

0.15 
0.81 

0.68 


358.6 
412.3 
316.3 
708.3 
266.8 


Clayey  silt 

aAYEY  SILT 
aflYEY  SILT 
SILTY  SAND 
CLAYEY  SILT 


DENSE 
DENSE 

PEDHH  OENSHY 

naia  RicicnY 

HEDIiffl  DENSHY 
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PIEZDElneE  StSEfWCH 
^ 


p!ECI»0  (T  DILftTDnrrER  TtST  M.  tt-M 
liSne  DATA  SDUCTHIK  PRDCDU8ES  J» 


HAIiCttni,  AKE,  J.  SEt,  flABCH  1S8« 


LDCAfEW:   UKE  ALICE  (IffST) 
PERFDpJfCD:     DATE;    20  JULY  1R81 

?Y     :     AQREZfl  EBCHiAT 


CALIiSfiTIIIH  IKFOBIAriDH: 

M-    0.20  t-ARS         0S=    0.20  Bfi«S 


Z11=    0.20  EARS         ZH=    1.50  flHEK 


Z         A         ?         EC        UO        ID      uc.r.r\f\      i'j         rS        C;?      FC       kO      CU         K         i2TL  TYPE  DErr^T'nP 

IMM  Ulii  »MM  llltM  Mill  Hill  ttttl  Mlllt  MItll  Itlil  ttlll  lilt  tllli  liiiH  IIIHIIIIIH  IIHIHIIIfittlMI 


0.20 

1.20 

O.30 

202.0 

0.00 

5.51 

1.80 

0.035 

26,36 

laaua 

9.?k  3.23 

673. M 

iAKO 

LCa  aSDITY 

O.MO 

o.ao 

=1.00 

303.0 

0.00 

11.18 

1.70 

0.C6S 

5.m  1'<.C0 

0.17  1.31 

620.6 

SAND 

LnasE 

O.jO 

0.00 

115 

110,  M 

0,00 

1.27 

1.70 

0.103 

5.31  11.61 

1.20  1.22 

373.7 

mo 

LDnSE 

O.SO 

0  dO 

'i.dO 

131  1 

0  00 

1.00 

1.70 

0.137 

3.07 

3.15 

0  5M  0,80 

20^.0 

SAW 

L3GSE 

i.;o 

O.iiO 

3  10 

01,  i< 

0,00 

3.U7 

1.70 

0  171 

1.67 

1.23 

0  21  0.M5 

3i|.3 

mo 

LDDSE 

1.20 

0.^0 

3  00 

35  5 

0.00 

7  17 

1.70 

0,205 

l.Ml 

0  10 

0.11  0.37 

72.6 

SAKD 

LilCSE 

l.W 

DMO 

3  10 

Sl.lH 

0  00 

3  M7 

1.70 

0,231 

1,11 

0.c5 

0.16  0.30 

76.0 

SAHD 

LiESE 

l.« 

0  30 

2.60 

61.6 

0.01 

11.12 

1.70 

0,263 

0.70 

0.2^ 

0.06  0  10 

61.3 

mo 

LE3SE 

1.30 

O.LiO 

3  10 

17.1 

0,03 

10.71 

1.70 

0.277 

0.88 

0,37 

0.10  0  18 

82.6 

SAHO 

LfliSE 

2.00 

1.10 

I*  10 

101.0 

0.05 

2.17 

1.70 

0.211 

3.16 

1h,11 

1.22  0.82 

151.2 

siLTY  zmo 

LCOSE 

2.20 

1.10 

U.80 

128.2 

0.07 

M.Ol 

1.80 

0.307 

2.82 

3.37 

1.03  0.714 

171.5 

SAHO 

ui»  nsiDm 

2M 

1.30 

5  (50 

151.5 

0.01 

M,03 

1.80 

0  323 

3.11. 

i<,15 

1.3M  0.82 

226.14 

iAKD 

ma  nQiDiTY 

2.60 

1.30 

6.21 

VkS 

O.U 

M,10 

1.80 

0.331 

2.85 

3,1(3 

1.16  0.75 

2144.3 

SAHD 

LQ'i  insunv 

2.80 

i.eo 

8.30 

23?  0 

0.13 

M  61 

1.80 

0  355 

3.65 

6  CI 

2.16  0.16 

315.7 

SAND 

ma  HbicrrY 

3  00 

3.W 

12.60 

3M1.1 

0,15 

3.21 

1.10 

o,3n 

7.53  22. C2 

3,21  LS". 

770.6 

SILTY  iWD 

IKIIIIJI  RicicnY 

3.20 

2.80 

10.80 

2=5.3 

C.17 

3.55 

1.10 

0.311 

5.75  13.16 

5,15  1.28 

516.  i4 

SAND 

flEDIiltl  RIGIDHY 

3  '-hO 

;:  :o 

i  20 

12). U 

CIS 

1.38 

1.70 

0  'h05 

5.81 

6.50 

2.63  1.21 

237,5 

SANDY  SILT 

LDU  DENSITY 

3.iO 

2.;o 

6  10 

136  0 

0  21 

?  M 

\  vo 

0  ^2l 

ii.31 

7,53 

3.11  l.Oi, 

233.3 

SILTY  SAND 

LDU  SKDHY 

3.50 

2.10 

5,50 

116  5 

0,23 

1  33 

1  80 

0  'h37 

3.m 

5.3i 

2  3^  0  17 

188,7 

SILTY  SnHD 

IZii  -ibisir/ 

M.OO 

l.?0 

3.1,0 

2^M  9 

0  25 

5  33 

1.80 

3  'i53 

2.51 

2.4l 

1.22  0.67 

317,6 

SAND 

LDU  sisiany 

i<.20 

3.10 

7.°0 

170  1 

0,27 

1.77 

1.80 

0,1,61 

5.57 

1,^3 

'i.kl  1.25 

332.3 

SANDY  SILT 

iiEDiun  ofNsnY 

^.^O 

2.50 

6.70 

ll<7  1 

0.21 

1  18 

1.80 

OMii'j 

M.16 

6. =2 

3.35  1.02 

2144.I 

S(LTY  SAKO 

LOU  miLUt 

k.ii 

3  70 

8.60 

17><,8 

0.31 

i.m 

1.80 

0.501 

6.32 

3  50 

M.26  1.37 

35m 

ssNOY  sai 

nCDIlin  OENSHY 

M.6C 

3  ii 

8. CO 

186.5 

0.33 

1.6^ 

1.80 

0,517 

5.66 

1.13 

M.72  1.30 

371.0 

SANDY  SILT 

nEDiiin  cENsnY 

5.00 

M.70 

U.20 

237.0 

0.35 

1.58 

1.80 

0.533 

7,51  13.(0 

6.13  1.5M 

521.6 

SANDY  Sai 

roiiffl  DEXsnY 

5.20 

3.10 

7.50 

12M  3 

0.37 

1.00 

1,80 

0.5W 

6.m 

5.75 

3.16  1.3M 

O.m    250.2 

SILT 

IttDDlfl  DCNSnY 

5.i<0 

i+.iO 

1.10 

151.3 

0.31 

1.07 

1.80 

0.565 

7.01 

7.20 

M.07  1.M7 

3143.7 

SILT 

lonin  oENsnY 

5.^0 

5.10 

1.70 

163.2 

o.m 

0.18 

1.84 

0,581 

7.71 

3.21 

l(.?7  1.56 

0.61    365.5 

SILT 

iiEDiiifl  oami 

5.80 

^^.'^0 

7,30 

17.1 

0.i<3 

0.63 

1.30 

0  517 

6.Mh 

6.20 

3.70  1.38 

0.57    111,2 

CLAYEY  SILT 

HEDDJIt  DENSITY 

^.00 

^.00 

3.10 

11*3.7 

0.1.5 

1.15 

1.80 

0.613 

5.m 

^.8] 

2.16  1.2M 

27--4.1 

SILT 

rtDDill  DEXSHY 

i.1-0 

UM 

10.30 

im.2 

0.'h7 

1.2< 

1.30 

0.621 

i.i5 

6.1.< 

14.38  I.m 

W7.7 

SAHOv  sai 

lenin  dexshy 

6M 

3.50 

6.60 

lOM.q 

o.m 

0.11 

1.96 

0,6i<5 

M,M6 

3.1.1 

2.25  1,07 

0.31     177.5 

sai 

tOIlin  DENSnY 

6.60 

3  50 

6  30 

81.6 

0.51 

0.61 

1.70 

0  651 

M,83 

3.16 

2.61  1.13 

0.14*4   ms.s 

aAYEY  SILT 

UJU  DENSITY 

i.iO 

'^  50 

8  90 

155. i< 

0.53 

1.11 

1.30 

0,473 

5.51 

•i  16 

3.35  1.26 

218,8 

SILT 

nCDM  DE)(SnY 

7.0O 

3.80 

7  60 

132.1 

0.55 

1.16 

1.30 

0,611 

k.i-i 

3,Ih1 

2M  1,07 

2214,7 

SILT 

10 nm  DENSITY 

7.20 

3.70 

7.00 

112.7 

0.57 

1.02 

i.ao 

0.707 

M.22 

3.21 

2,27  1,03 

1S14.3 

SILT 

mum  DENSITY 

7.W 

2.50 

7.80 

110  ^ 

0.51 

3.01 

1.80 

0.723 

2.30 

2.21 

1.66  0.62 

233,1 

SILTY  SAHO 

LLU  RieaiTY 

21^4- 


fu£  wnE.      PiaaaADt  kes^Rch 

LOCftTTIH-.  LftKE  WJCE  (WEST) 

^       scrL  TVPE        DEScnprro 

,.i„ ..;., ,.;..  "S..  A.  .K.;  s  •;%  'l!s  is  '''8  !•!! '""  SI '"'!""  'SilsT 


1.0    0.0    3..0    101.0    0.00    3.55    1.70    0.7^      3.1M      -5    J.v.  v.  j  ^                    u^ 

770    l-'O    5.0)    151.5    0.C3    3.61    1.90    O.^i      J-"^,  j,  i,^    3.87  1.18  335.7    Sf-IT^tWB      „Q)iun  RICKITY 

Ift,    110     7  80    202.0     0.05     2.85    1.^0    0  371      3-»^  ^^  ^     3.74  I.IM  ';'^-',  SJS            SoiU"  Rl^Wm 

2i0    2^0     1,20    252.5     0  07     3.55    l-^O    0,^81      ^5-70  ij. S3    5.24  1.27  <0J.4  iWD            "„g|,„  ncxonV 

520    kii    8.20    12<i.3    0.33    0.32    1.80    o.4U      0.^                3.47  1.35  0.57    2W.8  ^'.riT      10IUJI  DQSnY 

,,  »  /-.    loa  P  SILT             lOBin  CEHSITY 

IS  5:55  !:5 1|:  51  ^  i|  111  |i;  ;l  ilil  ^  |l  -|r  ^Kiii" 

trt    4.30     4.30      81.4     0,47     0...    1.30    Oin      |         ^  ^^    3.311.21  0.55     240.8  Sa               norjfl  otKsnY 

i80    4.40     8.40    13R.R     0«     M4    1.30    »..Mi      J             ^^    253  1.04  215-^  ^";;               LDU  DCHSm 

7  00    M.OO    7.70    128.2    0.51    l.OM    1.80    0.  V      hj         ^^    2.12  O.W    0.33    1M2.8  ^j  lDU  OCTSITY 

V"  ""  '»  ,1-     I    1    -      i  «'.  i:??  i:«  :  5I  „|L,     fflS 

8.&0    3.50  11.1^    irii 
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FILE  Kflit:         PIEZDBU»£  HSEftSCH 
FILE  WICfK:      i 

jSCflBO  OF  DBJtTDNETER  TEST  XD.  tt-< 

USINC  DATA  iBHJCTira  naKESUSS  IK    nARCICTn.  ASCE.  J.  K>.  IWCH  1<)8» 

LUCATUSI:  UKE  ALICE  (NORTH) 
PEIiniRIO:     MTE:    3  AUOJST  1181 
BY     :    ALIiEZA  HKIDAT 

CAUBRATIOK  IXFOMTniM: 

DA=    9.22  BARS         [;B=    0.21  BARS         31=    «.21  MRS         Z«=    ».55  ICTERS 

Z         A         B         EO        1)0        U      MflBA      ?U         »       OCR      PC       «      CU         A         SniL  TYPE  DESCRIprTlH 

IHff  Hiii  iii:;  Uiii}  SiiK  !:!<•  M!*<  •»••••  >U4li  HHI  litU  tHI  <UM  MMH  tHHWHH  m*4HHUtHim 

0.20  1.65  n.5i  36i.o  0.00  3.32  1.30  0.035   33.17 »»«"  13. »i  3.(3         ijoj.(       sris  li:;  ;r:;r;iT;' 

O.W  1.10    ii.HO  IjO.q  0.00  2.76  1.60  0.071  13.2i(i'<.e5  i<. 60  2.11  351.4  SAHO  Uy  RKIDITY 

0  liO  0.10    "4.70  130  1  O.CO  4.30  1.70  0.100  7.37  21. CI  2.111.51  212.5  SAHO  UflSJ! 

0.80  1.10    5.70  1«.0  0.02  5.00  1.80  i.lU  7.5^22.15  2.57  1.5M  265.6  SAHO  LDU  BIKIDITY 

1.00  1.50     7.35  210. <  0.04  4.77  1.80  0.132  1.05  31.23  4.12  1.73  508.1  SAW)  LDU  HSIDITY 

1.20  1.65  10.10  342.7  0.0<  8.03  1.80  0.148  7.80  23.52  3.48  1.57  782.6  SAi«)  UlU  nSQITY 


140    5.70  11.15    4(57  0    0.08    2.51    2.00    OliiB    21.10  »a"a  51.50  3.48  1582.3    STLTY  SNIO  RI6D 

l.(S0    7.10  24.45    <57.3    O.U    2.83    2.0O    0.188    32.76  ««»»  68.51  3.^6  2282.2    SILTY  SAHO  SI9ID 
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PIEZOeUtOE  KHEARCH 


nif  MHE: 
FILE  )eil!B£8; 


BEOTD  OF  DIUTmntg  TtST  HO.  0-7 
JSnC  DATA  fSSUCriDX  P<S]CQUKS  Bl 


BAfiClCm-  ASCE,  J.  CD.  HAftCH  ITOO 


LOCfirilH:  LAKE  UAISUR  (HffiTK  ICSD 
PERFUpCO:     DArE:    m  AUSUST  isai 
BY     ;      «J5EZA  MCHRAT 


CAUBRATIDHJHFDBIATIDH: 
i/rT~     v.xj  k'Mftti 


I-        AC/ 


oAac 


7u=    0  *id  «rrn?s 


Z         ft         B         EO        W       IB      «mw      SV         «        CCR      PC        M      CU         I!         S3IL  TYPE  OESC(?I?nCH 

litW  mt«  Wtft  tlMH  tm<  MHI  UtH  tttllt  imtt  Itm  IttU  tH#  IHII  HMH  HtttlltHH  tlHtMMIHMHt 


0.20 

1.25 

1.10 

278.2 

0.00 

1.2i 

1.80 

0.035 

23  20  "»" 

4.41  3.02 

313.7 

jflfiO 

Luy  ixiGDm 

C.W 

0.10 

3.10 

53.7 

o.co 

2.13 

1.70 

0.041 

10.71  43.74 

3.02  1.13 

144.3 

SILIY  tm 

msi 

O.oO 

0.50 

1.20 

O.M 

0.01 

0.03 

1.50 

0.081 

4.40    3.4? 

0.33  1.01 

0.04 

0,7 

RUt 

0.80 

0.85 

5.50 

153.8 

O.OJ 

7.i7 

1.70 

0  103 

5.24  11.10 

1  14  1.20 

219,3 

sriHO 

LECSE 

1.00 

1.10 

4  35 

87.3 

0.05 

1.43 

1.70 

0.117 

14.14  35.23 

3.54  2.27 

228.3 

iSrOY  SILT 

LDU  Jr/JSITY 

1.20 

IMS 

3,10 

ii.'i 

0.07 

1.52 

1.4« 

0.121 

1.40  17.34 

2.24  1.77 

144.8 

ilHDY  SILT 

CCtlPKSSIELE 

l.W 

2.30 

5.70 

105.3 

0.01 

1.43 

1.70 

0.143 

13.15  21.22 

4.18  2.25 

284.3 

SAHOV  SILT 

LDU  OEHSTTY 

l.« 

2.10 

5.10 

81.7 

o.u 

1.35 

1.70 

0.157 

11.43  13.85 

2.14  2.00 

224.2 

S.'^NCY  SILT 

Liiu  oo<sin 

1.50 

2.3» 

i.eo 

148.0 

0.13 

2.11 

i.eo 

0.173 

10.13  45.22 

7.32  1.15 

347.7 

SILTY  JfiNB 

LDU  GCICITY 

2.C« 

|^.^0 

1.30 

1^3.^ 

0.15 

1.12 

1.80 

0.181 

20.15  31.03 

7.38  2,85 

501.3 

sai 

(onin  D&snY 

2.20 

3.10 

11  eo 

31(i.7 

0.17 

1.32 

1."^ 

0.203 

31.13  ""('^ 

27.10  4.03 

1440.3 

SAWY  SRT 

f&SE 

IM 

J.'mO 

8.30 

I6i.6 

0.11 

1.51 

1.80 

0,224 

13.03  21,71 

4.47  2.14 

431.7 

SAKCY  SaT 

fenin  oasnY 

2  oO 

3.70 

■i  50 

?2.v 

0.21 

0.47 

l.so 

0  -LO 

13.77  25  23 

4.37  2.23 

0.51 

2?5.4 

CLn'^TY  ULT 

f"£?™  ODiSHY 

2.30 

3.« 

7.i: 

17.5 

0.23 

0.74 

1.30 

0.254 

13.53  11,74 

5.05  2.21 

0.41 

■240.7 

cifirEY  ::u 

nmiun  DD(SnY 

3.00 

5.30 

u.w 

2m.  0 

0.25 

1.45 

1.15 

0,275 

14.11  'Jl.iO 

11,44  2.52 

715.3 

S.iHCY  iILT 

tE;-*SE 

3.20 

R.20 

11.30 

365.6 

0,27 

1.13 

1.15 

0,214 

23.50  43. CI 

18,55  3,31 

1223.3 

sai 

ddj:;e 

2.k(t 

3.70 

11  itO 

333.1 

0.21 

1.34 

1.15 

0.313 

25.01  44.27 

20,74  3.15 

1255.4 

SSKCY  saT 

JEKSE 

3.« 

18.20 

32.50 

528.7 

0.31 

0.83 

2.10 

0.335 

51.13  »«« 

52.40  4.45 

4.24 

2048.4 

sai 

UEDY  :>mt 

3.80 

10.10 

214. W 

528.7 

0.33 

1.51 

2.10 

0.357 

25.24  "Kt" 

37.18  3.17 

1711.1 

SAHDY  Sai 

VERY  DSSE 

if.OO  13.10 

21.20 

518.7 

0.35 

1.34 

2.10 

0.371 

31.40  H.C-O  37.52  3.58 

2055.4 

SAKDY  SaT 

UERY  DEXSE 

i(.20  18.50 

T<.30 

587.0 

0.37 

0.12 

2.10 

0.401 

43.13  »»«»» 

1-8.28  4.25 

4.10 

2133.1 

5aT 

UERY  ornsE 

M.W  U.50 

23.1(0 

357.8 

0.3S 

0.77 

2.10 

0.423 

21.72  47.33  28.48  3.47 

2.71 

1210.7 

aAVEY  SILT 

UGY  ce;<se 

k.60  10.90 

17.  W 

221. .i 

0.41 

0.42 

1.15 

0.442 

22.44  44.11  11.50  2.18 

2.02 

720.7 

CLAYEY  SILT 

DEHSE 

l(.80  10.10 

17.20 

241.0 

0.43 

0.73 

1.15 

0.441 

20.11  34.41  14.88  2.71 

1.S2 

754.8 

aAYEY  SILT 

DEJ4SE 
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7.80    1.53  17.10 


4.20 
4.40 
4.40 
4.00 
7.00 
7.20 
7.40 


187.3 

0.54 

145.1 

0,54 

200,1 

0.59 

134.8 

0.40 

140.1 

0  42 

140,4 

0.44 

133.7 

0.44 

273.4 

0.48 

272.7 

0.70 

0.77 
0.44 
0.14 
0,57 
0.59 
0.40 
0.54 
0.92 
0.37 


1.13 
1.13 
1.13 
1.10 
1.10 
1.15 
1.10 
1.13 
1.15 


0  451  1.17  12.24  8.08  1.94 

0  473  10.07  12.45  3.44     .5 

0.417  9.13    3.11  ^.ai.^l 

0  715  1,13  10  43  7  44  1.74 

0.733  10.13  12.57  1.211.95 

0  752  3.42    1,41  7.09  1.45 

0  770  1,04  10.53  3  11  1.71 

0    31  U.-il  15.55  12.27     .« 

0.808  10.52  U.33  10.77  1.10 


1.08 
l.U 
0.99 
1.05 
1.23 
1.00 
1.12 
1.54 
1.42 


447.4 
311  2 
440.4 
321.1 
402.3 
324.9 
332.4 
704.2 
4^.1 


afiYTf  'IILT 
aiiYEY  SILT 

saT 

SILTY  CLAY 
SILTY  CLAY 
aAYEY  SILT 
SILTY  CLAY 

saT 

OLT 


DEHSE 

OE)<SE 

CEKSE 

HIGH  nasisTCTa 

rtlCT  CraSISTQCY 

OEXSE 
KICH  CiaSISTDfCT 

OEWSE 

DEMSE 


221 


rax  wtff:      -nzzniuisx.  keseosch 
rai  mincEii:    i 

RECflRl)  OF  DILflTD!trrER  TEST  «!.  0-1 

USH-;  DATA  (IDliCTICD  PWCDUKS  D)    ItftRCKErn,  ftSCE-  J.  GCD,  HftRCH  HSJ 

LDCfiflffl:  LAKE  («JC£  (HOBTH) 
PERTIiUtCI):     OftTE:    1  JULV  1R31 

ey     ;    fiLIREZfl  eOCKSflT 


riiTDSnnnx  TKrnBMrTnx: 

Dfl=    0.20  eSRS         05=    9.20  BftRS  3=    0.20  tf.SS         ffl=    O.iO  ntiui 


WERCDHSflLIDflTEIH 
BflTIO  (KB) 


UHDMINEO  SHEflK 
STSEHSTH  (CU)  -CfRS 


DEPTH      O.L2...k...i..S..lD*        0 1. 

0.20  n    :  :  x 

X 
X 
X 

i.co  nil  X 

X 
X 

X 

2.C0  It    1  ;  X 

X 
X 
X 

X 

3.00  n    I- 1 X 

X 
X 
X 
X 
M.«  n    I  !  X 

X 
X 

X 

5.00  r.  X 


^ 


\ 


KDDULUS  FOiJ  1-0  CBHSDUEflTIIIH  (N)  -EARS 

(LDCflSITMIC  SMI.E) 
10-  .    .50       .100  .500.   lOCCt 
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mX  HftBE:  PIEDBLMC  RESEflRCH 

Cul  (alntnlB:      2 

ECKD  OF  OIUTBIETEB  TEST  ffl.  0-2 

USI»;  DflfA  (EDUCrilW  PWCmiKS  a    WKtCm.  OSCE.  J.  OD.  NMlH  l=ffi4 

LDCflTCM:  LAKE  «JC£  (WKTH) 

PERFDhO:     OflTE:    4  JILV  IRSl 

BY     :    ftUmA  BflSHSAT 


CftllBlfilTIDH  IWDiSrtTiDH. 

Dft=     ».10  ass  D£!=    D.20  Bfl»S  21=    5.20  bn«  31=    O'lO  nETERS 


DOTH 
0.20  n 


ICO  S 


2.0?  1 


3.00  S 


l'EftCah;DLIOl»TICH 
SflTIu  iCCii) 
0.1.2.  ..ii  .   6...S...10+ 

X 

X 

% 

X 
X 

x 

X 

X 
X 

X 

X 


5.00  n 


i.'-zi  n 


7.00  n 


8.00  n 


X 
X 
X 
X 
X 
X 

X 

-X 1 


5f?£H5r,'i  iCU) 
0 1.    . 


ncouLUS  FOR  1-c  cawai.icnTinH  ii)  -HftKs 

(.LCeftPIThniC  SCALE) 
10-  50     .100  .    .500. .1000+ 

X 
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FILE  WtlE: 
rni  HUMltR: 


FIEZ!IBli«£  KSCmat 
3 


tZCmO  DF  DOTDJinEI?  TCST  HO.  M 

iKOi  osro  utiicrnw  naKouas  a  iifMiciim,  ftsct,  j.  co,  nwiCH  iss* 

UWTIffl:  Lftff  (HJCE  (MST) 
PERFDRitC:    OAK:    1  JllV  IRBl 

er     :    f.UH2fl  EtKHRftT 


MUBJonOH  IXFDBiflriEH: 

M=    J.IO  PrtRS         l)B=    0.2»EfHfS         31=    0.2«  fnRj         Zif=    ».M5  nETEK 


KPTH 

0.2:  n 


i.cc  a 


2.  CO  n 


3.00  n 


M.CO  B 


5.W  rt 


.00  r 


W£RCIlHSDLIDf>TEH 
BAUD  (KR) 
0.1.2.    .i<...i...8...10t 


X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 

X 

X 

X     I 

X 


UKDRftli-ED  SHEAR 

SIREKCFH  (CU)  -PftRS 

1. 


tlOBUUlS  FOR  1-D  CadSnODflllDN  (H)  -6ft«S 
(LDMRITHniC  SCALE) 


7.00  h    -— -X 


.50      .1 


.500,1000+ 

X 

X 

X 
X 
X      5  FT 

X 
X 
X 
X 


-<„ 


\ 


n 


X<—';     15  n 


20  FT 
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FILE  i^Slff:  naSlf-UJX.  KESEftBCH 

nil  HiJMiEl!:      "4 

RECURO  or  DaflTOttETER  TEST  HD.  M 

USIXC  DAT<)  ISDtiCTIflH  PiniCECUkES  D*    tlASCHEni,  <:StE.  J.  CEO.  MRCH  1<189 

LDMrilH:  LAKE  ftLlCE  (UEST) 
PERFORiiD:     DATE;     20  JULV  1181 

DY     :    fiURCfl  BOtHSflT 

CILIFRflTIDH  IHrOBWrniX: 

Ofl=    0.20  MRS         Oe=    0.20  eiiRS         a=    0.20  ears         ZU=    1.50  (tEIERS 


dVLKCiIHinLICr.TIH  UH«?.rr:ED  SHE« 

»«r:ii  '.ijL'S)  :T«EHera  ecu)  -s-f.us 

.12   .   -4  .   .5  .   S-     !•>        0 1 2 


i.«  [1 


2. CO  ^ 


5. CO  n 


6.'^o  r. 


7  CO  n 


flDDUlUS  res  1-v  CaX'GLIDJdlDH  (fl)  -PARS 
(LOGf>RIThri"  5ML£) 
t  10-  ,     50       ,100  500.   1000* 


1     5Fr 


10  Ff 


15  FT 


20  FT 


X 
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OLE  HftK  PIDDEU^DE  REXEflRCH 

FILE  KUnttR;      5 

RECdHO  DF  DILftTnaETER  TEiT  NO,  D-5 

USnS  DftTfl  lEOUCIIDX  TOCEBUKS  IX    ItftRCHEm,  ftSCE,  J.  CED-  IWRCH  l-iSO 

LDMrim:  LAKE  ftUCE  (HEST) 
PERFDKi£l):     DATE;    20  JULV  IRSl 

BY     :    flURE2ft  MfiHRHr 


WLBRflTIOH  IKFOHttTIDH; 

Oft=    0.20  PARS         Df:=    0. 20  PARS         ZI1=    0.20f.?,KS         ZH=    1.10  HETERS 


Of        0 


'j-.ORSUiED  SHE.tR 


liDDUUS  res  1-0  COfKinLIDflTinH  (ri)  -HK 
(LOQnRITKIlK  SCALE) 


1 2*  10-  50        IN  500     1000+ 


S.04  n 


^.00  n 


7.00  n 


8.00  n 


K 


5  Ff 


10  FT 


15  FI 


--I     20  FT 


— :     25  FT 
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FILE  MPE:         FIEOBlftOE  REiEftRCH 
mx  H'Mii:      i 

ffiCiKO  OF  DOJianOEIi  TtST  HO.  K  „       ,    .„    ...ou  ,=oa 

IBM  OftTS  roUCnOH  fTOEIUKS  IX    nWKKtm,  rtSCE,  J.  era.  flftRCH  1180 

LOCi^TIffl:  UKE  flUCE  CfflSTH) 
PEPfDnO.     OftTE:    3  flOST  1981 
BY     ■    ftOSEZft  50CHli«T 


O.LIfiiMnDH  IUFDUttTIDH: 

D*.=    0.22  SflRS         DB=    0  21  ?ftK 


2n=    0.21  EflFS 


ZU=    0.55  nnEK 


WtHCUM5ULiDf!liu« 
liRTID  (OCR) 
DEPTH      0.1. 2. ..!<...<). ..8. .10+ 
♦-+-♦ — ♦ — ♦- 


0.20  n 


i.co 


X 
X 
X 
X 
X 
X 
X 
— X 


SIREHCrH  (CU)  -6«S 
0 1 2t 


■njinii;  rrjs  i-r,  rnXStl  lOnTIIlH  (ID  -eftRS 

(LDCflRiTHnic  scau.) 

10-  50        100  W«.,10«+ 


<: 


5  FT 
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mi  IWIK:         PIEZDEUIK  KSEIWai 

KC3Ri>  Iff  SnJTDllEIEf!  TtST  ND.  0-7 

IJSB5  OiiTfl  iEIUCTIDH  PHKObKS  U    nftSCHETTI,  flSCE,  J.  CED.  flftRCH  liiSS 

UCfiTim:   UKE  UftUHJRS  (NORTH  UEST) 
PERFURrtD:     DATE:    m  rtlltUSI  ITal 
BY     :      ftUREZfl  SDCHRftT 


CAOSRallDH  IWDawriUH: 

DA=    0.13  CARS         ve=    «.3<iBA!!S         Z!1=    0.21  tf.RS         ZU=    0.30  nETERS 


■WERCDHSOLItftriuH 
fftTin  (OCR) 
KHH      0.1.2.  ..i(...ii...E... 10+ 
<-*-♦ — +- — +— < — t 

0.25  n    ;  ;  x 

X 

X  ; 

X 

1  00  n    :  I  X 

X 

X 

X 

X 

2.00  nil  X 

X 
X 
X 
X 

3.00  r    1-; X 

X 
X 
X 
X 

u.io  ail  X 

X 
X 


UHDffllrEO  JHEK 

SIREHCTH  (CU)  -C'^RS 

0 1 2* 


X 
X 


aODUUlS  FW  1-0  CDNSDLIOftTinN  (1)  -PARS 

(LDGfifilTWIC  SCflLE) 
10-  .    .50  ...100  .    .500. .1000+ 
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FU£  hrtfS  PlUJikUtbi  RESEASCH 

nU  XUIttCB.      8 

BCCIRD  OF  DlWTDNnER  TTST  m.  D-8 

USas  DftT3  HDUCTIIH  PHKEDUIiES  IX    nftRCKETTl,  fiSCE,  J.  SO.  WKH  l-HO 

UWriW:  UKE  UflUEUK  <KORTH  MESD 
PERfTJPJtD:     mi.    15  flUCUSI  llal 
DV     ;    nUREZft  BlKHSfiT 


CfiLERSTIOH  IXFDHWIIDH: 

M=    0.13  EARS         05=    } .^5  BftK         21=    0.21  f'K         Zli=    «.85  nnKS 


iiXRCaNSDLIDfiTnil 

ukokauxd  shear 

RATIO  (OCR) 

SIREHCIH  <CU)  -ff.RS 

DCFTH      C 

.1.2...M...^...£...l>t        e 

1 2» 

.  —  --—          1 

-+-+ + +- — i ►                * 

o,;o  n 

1                                          X 

;                     X 
:                     X 
:                     X 

i.c)  n 

;                     X 

1                               X 

I            X          ; 

i                             X 

i 

2.C5  R 

;                     X 

!                                 X 

K                  '• 

:                     X 

1                                 X 

:                     X 

i       \ 

3.00  t1 

-1 X 

1                             X 

:                     X 
:                     X 
:                     X 

N  1 

i<  CO  ft 

1                               X 
I                             X 
1                               X 

s 

:                       X 

1 

5.00  1! 

:                      X 

;                    X 
:                     X 

i                             X 
X 

^ 

nrouLus  fCR  i-o  cflHsnoDflTinii  (d  -Sftss 

(LDMRITHniC  SCALE) 
10-       .       .    .50  ...100  .    .500.  lOM* 

♦ 
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FILE  H^^'l:  PIEOfljC-E  mtisiSi 

ras.  H-jnsEK-    "1 

KCDi!5  Gf  OILilTGnEIES  Kfl  »0.  0-» 

IBHS  DfiM  REOUCriDH  PPDCtlU^ES  U    HftRCHEm,  WE,  J.   SED,   MKH  ITJO 

LDCsria:  LfiicE  tiWfi!«i;  (r'asm  oesd 

PEFn]i>tO;     DOTE:    15  fiUb^JST  iq-)! 


CftLItCfinnH  IUFCRMTICX: 

Dn=    0.2v  ?.iKi         ,}r=    3  h5  "rei  Z?,^    0.21'.?,^.%  i«=     i)  10  ilEIERS 


IT^EHCGHSflLlCflriilH 
uEfTn      0.1.2..   4... 4... IJ... lot        J 
0.20  a 


i.io  a 


vckAIhe?  :he.«? 


.IjiJiJLItS  fCS  1-')  CaHtiiUMITHH  (11)  -tiflSS 
(LCii^iinil^IC  -CILE) 


2. CO  .1 


3.io  n 


'h.CO  |1 


.3 

X 


2»         i:- 


.50  ...ivO 


Svo..icO';+ 


FT 


10  FT 


15  FT 
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nil  mtiis:    w 

IKCKD  DF  DILftTOHETEB  TIU  HD.  HO 

USINv  DftfA  roUCTIDH  RfflCEIUKS  M    llftKHETn,  fiSCE,  J.  CO,  IIMCH  IISO 

UlCftTItSi:  LflK  flUCEvHOIfTH) 
FEFCRO:     OflTE:    23  OCf.  1S81 

BY     :    mmit  EOfiHBflT 


M=    i.il  BARS         DP.=    ».ii8  BftRS 


21=    0.  WEARS 


2»=    0.8«  nnEK 


DEFTH 

0.20  n 


i.fo  n 


2. CO  n 


ICO  fl 


atPcaHsaLitniinH 

RriTID  (OCR) 
0.1.2...^...i.,.8...1»♦ 


5.  CO  11 


o.M  n 


7.00  n 


X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 

X 

X 


UHOR^IKD  5HEAR 
SREHSTK  ecu)  4;flRi 

0 1 2* 

♦ + ♦ 


nmius  FOR  1-0  caisnoMTiDH  (ii)  -bwjs 

(LGMRnHPIC  SCflLE) 


IC- 


1000+ 


5  Ff 


— :    10  FT 


15  FT 


20  Ff 


25  Ff 
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FBI  MHE:         PIE2DBUWC  SESURCH 
FILE  mtHsii:      U 

RECCES  OF  DIUTDtlETER  TEST  NO.  fr-U 

lOnt  DATA  iEDUCTHW  PiaiCEClBXS  IX    KAflCHETn.  AStE.  J.  ta,  NARCH  1S8» 

LDCATIM:  LAKE  MJK<WKTH) 
PERFCiBO:     DATE:    2>h  OCf.  I'm 

BY    :    AOISZA  HKWMT 


CAUBRAnnX  DTBIMmBt: 

DA=    9.10  EARS         D3=    i.'O  ifStS  ,      Zn=    0.10  CARS         at=    0.32  ItTERS 


OffTti 

o.:o  a 
i.to  a 

2.00  II 

3.00  n 
^.JC  n 

6.W  n 

7.0O  II 


PUERCflMSaUSATISH 
RATM  (OCR) 
i.l.2...^...6...i...l<^ 

+-+-» — i 1      I      ♦ 

X 
X 
X 

x 

X 
X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 


UHDI»IK£D  i«JA 

SrsEHCTH  (CU)  -fftPS 

0 1 2* 


i 


nODUUiS  FDR  H>  CONSCUDATIDX  (I1>  -«ARS 
(LDCflRnhTlIC  SCflll) 

.  .50  ...100      .     .  .50o..ieo«* 
-f- >-■-   I 


10  FT 


—  I    15  FT 


20  FT 


25  FT 


APPENDIX  C 
CONE  PENETRATION  TEST  LOGS 


r^L  r-ii<f:: 


PIEZCfeUDE  SeSEftfiCK 

1 


DUTCH  '.m.  itST  (CFT) 

SGUMI.-S  HUaSER:  C?r  1         PESRISIfEO  I.-i  fCCflSO  UtTH  f!ST(I  D-3im.  USIKS  FSICTI3I  CJ.'iE 
LaCf.TIJi:  UKE  rtUCE  (hiSTH) 


TI? 


PEFFEJfrO: 


BY    :  AUREZA  CGCIiliAT 


iiflTEx  :£PTH    =     0.10  ItTER 


FIELD         rel'J. 

CftTti  ^m       PEflRIHS  G!l  COHE  PflIifr...(l!5/o5.CH^     DS    TR/r9  FT.  3!    EftRS)  sflTIE  (F«CnaV?ESi!)Z 


1,1 


2,1 


3fl 


mi 


=.1 


«,i 


?.i 


3(1 


in 


5C 

QC^iF 

-/?.       0 
t 

38. 

!4ll 

■i.' 

1  5          ! 

23. 

J^ 

z:^       ! 

10. 

i.l 

V4. 

CZ. 

■iSi 

It. 

i..! 

•t 

■>     T 

31. 

-il 

2.2 

^3. 

31 
23 
-q 

21. 
11. 
17. 
IS. 
17. 
21. 
31. 


11. 
21 
23. 
31. 
2i. 
11. 
11 

:i. 

77 

Yi. 

31. 
21. 
21. 
ik 
ai. 
78. 
7i. 
1i 
108 


' ;' 
"'<1^ 
^1 

T? 

^7 

;J 
11. 

:i 

31. 


11 

31 
3? 

:i 

3'i 

e5 
i« 

v'l 


^1 

112 


'  t 

2.-J 


3.5 
7.1 
2.5 


J. 5 
■■,\ 
2.1 
^.3 
3.5 
■i  1 

4ii  i 

3.V 
•i.l 

3.7 

2.'i 

1,7 

2.j 

3.; 

au-t 


.ti 


,150. 


300t 


5  FT 


io  rr  ; 


:DUH0IHG  JTlil'PED 
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23^ 


rHJC  MtlE: 
ni£  KiinCEB; 


PIEZOHJDE  RESMRCH 
2 


""™sSm  hiwkJ-  cpt  I      mm<fi!>  u  ftccKD  unH  asth  ww.  usiks  fRicnm  cm 

UWIIK:  U«E  flUCE  (EAST) 

PEfini?lO:  D«TI:  7  JULY  I'm     ^ 
BY    :  ttJREZA  BOBSM 

SUB-f^CE  aEV.=       ,  .^..^ 
HATER  DEPTH    =    O.MS  ICIER 


TIP 


FIELO 
PflTft 


FRIC. 
itflTID 


aC      9C+SF    F/3 
2M. 


BEflRnCIK  CaiC  PDmT.-.<K6/Sfl.CT.    IS    TCHAa.n.  iH    e«K) 
0  .    ,   .  .»  .   .    .   .100.   .    .   .150.   .    .    200.   .   .   .250.   .  ^300* 


RflTID  (rRICnm/K«i)Z  — 


in 


2n 


3n 


MH 


511 


^n 


7n 


76. 
'aU. 
8M. 
liM. 
3R. 
51. 
.J3. 
77. 
il. 
51. 
11. 
M5. 

57. 

51. 
Ul. 

Mq. 

101. 
27. 
21. 
35. 
21. 
23. 
11. 
17. 
17. 
21. 
15. 
15. 
11. 
15. 
13. 
15. 
13. 


lU. 

12. 

7i. 
lU. 

70. 

a. 

75. 

87. 
105. 
101. 

15. 
121. 

107. 
101. 
105. 

71. 

115. 
53. 
CI. 
51. 
37 
35. 
31. 
33. 
Ml. 
2. 
23. 
25. 
11. 
11. 
17. 
23. 
21. 


3.3 

1     7 


1.1 

l.i 

M.8 
2.1 
3.1$ 
2.8 
2.7 
3.0 
3.5 
M.8 
M.O 

5.7 
7.1 
<.3 
5.0 
3.3 
1.1 
1.7 

4114 

3.7 
3.1 
3.5 
3.5 
5.-4 
1.M 
'+.7 
2.5 
M.M 
3.5 
2.M 

i.e 

M.O 
3.5 


5  FT  I 


10  FT  I- 


15  FT  : 


20  FT  ;- 


SDUHOIKC  STGPPtD 
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Fur  (fJPSES: 


PIEZCSLUE  "ESEnUCH 
3 


WTCH  :Dit  TEST  fCFT) 

SDUHDM  XWIKR-  Cn  1         PESFDiinEO  IX  f.CCDSS  WTH  flSIfl  0-3'^Ml,  USIK6  FBICTia^  CCKE 
IJCr".i:3:  LniiL  liUuE  I'Jtil; 

PEHniiStD:  DATE:  a  Jl'LY  I'm 

BY    :  frUREZA  iaa\iM 

SiJ?l"f:C£  apj.= 

wiTEs  DEPTH    =    1.7-J  fSTE^ 


TIP 


Fias 

inTfl 


F!ii:. 
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